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TITLE QF THE INVENTION 
NUCLEIC ACBD PHARMACEUTICALS 

CROSS REFERENCES TO RELATED APPLICATIONS 

This is a continuation-in-part of USSN 08/089,985. filed on 
July 8, 1993, pending, which was a continuation of USSN 08/032,383, 
filed on March 18, 1993, pending. 

BACKGROUND OF THE INVENTION 

i. Field of the Invention: 

This invention relates to the production and use of a novel 
pharmaceutical product: a nucleic acid which, when directly introduced 
into living vertebrate tissue, induces the production of immime 
responses which specifically recognize human influenza vims. 

j . . ■ ' 

ii. Background of the Invention: ' 

Infliienza is an acute febrile illness caused by infection of 
the respiratory tract with influenza A or B vims. Outbreaks of 
influenza occur worldwide nearly every year with periodic epidemics 
or pandemics. Influenza can cause significant systemic symptoms, 
severe illness (such as viral pneumonia) requiring hospitalization, and 
complications such as secondary bacterial pneumonia. Recent U.S. 
epidemics are thou^t to have resulted in >10,000 (up to 40,000) excess 
deaths per year and 5,000-10,000 . deaths per year in non-epidemic 
years. The best strategy for preyentioh of the morbidity and mortality 
associated with influenza is vacdiiation. The current licensed vaccines 
are derived from virus grown in eggs, then inactivated, and include 
three virus strains (two A strains arid one B strain). Three types of 
vaccines are available: whole-viiiiS, subvirion, and purified surface 
antigen. Only tbe latter two are used in children because of increased 
febrile responses with the whole-virus vaccine. Children under the age 
of 9 require two.immimizations, while adults require only a single 
injection. However, it has been suggested Isee MedicaLLetter 22:89-90, 
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Sept. 17, 1993] that "patients vaccinated early in the autumn might 
benefit from a second dose in thd winter or early spring/' due to the 
observations that in some elderly patients, the antibody titers following 
vaccination may decline to less-than-protective levels within four 
months of less- These vaccines are refomiulated every year by 
predicting which recent viral strains v/ill clinically circulate and 
evaluating which new vimlent strain is expected to be predominant in 
the coming flu season. Revaccination is recommended annually. 

A. The limitations of the licensed vaccine are: 

1) Antigenic variation, particularly in A strains of influenza, results in 
vimses that are not neutralized by antibodies generated by a previous 
vaccine (or previous infection). New strains arise by point niutations 
(antigenic drift) and by reassortment (antigenic shift) of the genes 
encoding the surface glycoproteins (hemagglutinin [HA] and 
neuraminidase), while the intemd proteins are highly conserved arnong 
drifted and shifted strains. Immunization elicits "homologous" strain- 
specific antibody-mediated inmniunity, not "heterologous" group- 
cojnnipn inamunity based on cell-mediated inununity. 

2) Even if the predominant, circulating strains of influenza vims do not 
V -shift or drift significantly from one year to the. next, immunization must 

y be? giy^n each year because antibody titere 
5p hemagglutination-inlubitm 

reported by some to persist for months to years with a subsequent 

, gradual decline, the Advisory Committee on Immunization Practices 
citcs the decline in antibody titers in the year fpUovmig vaccination as a 

. reason for annual immunization even when there has been no major 
drift or shift, (HI antibodies inhibit the ability of influenza vims to 
agglutinate red blood cells. LiketUeutralizing antibodies, they are 
primarily directed against tiie HA antigen. Hemagglutination inhibition 
tests are easier and less expensive to perform than neutralization assays 
are, and thus are often used as a means to assess the ability of antibodies 
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raised against one strains of influenza to react to a different strain). As 
mentioned above. The Medical iJetter suggests that certain high-risk, 
older individuals should be vaccinated twice in one season due to short- 
lived protective antibody titers. 

3) The effectiveness of the vaccine is suboptimaL Development of the 
next season's vaccine relies upon predicting the upcoming circulating 
strains (via sentinel sampling in Asia), which is inexact and can result in 
a poor match between strains used for the vaccine and those that actually 
circulate in the field; Moreover, as occurred during the 1992-1993 flu 
season, a new H3N2 strain (A/Beijing/92) became clinically apparent 
during the latter phase of the flu season^ This prompted a change in the 
composition of the 1993-1994 vaccine, due to poor cross-reactivity with 
A/Beijing/92 of the antibody induced by the earlier H3N2 strain 
(A/Beijihg/89) due to antigenic shift However, due to the length of 
tiihe needed to make and formulate the current licensed vacMne, the 
new vaccine strain could not be introduced during the 1992-1993 season 
despite the evidence for poor protection from the existing vaccine and 
the increased virulence of the new circulating H3N2 strain. 

Even when the vaccine and circulating strains are well- 
matched, the licensed vaccine prevents illness in only about 70% of 
healthy children and young adults and in 30-40% of frail older adults. 
Thus other criteria £ire used to indicate the vaccine's efficacy when the 
vaccine strains correspond to the circulating strains. These criteria 
include prevention of isevere illness and secondary complications, which 
are reflected by prevention of hospitalization (70% for the elderly 
living at home vs. 50-60% for the elderly living ui nursing homes) and 
prevention of death (80% for nureing home residents). Herd unmunity 
to reduce the spread of infection in a niu-sing home is; considered 
another benefit of immunizatiori. v ^ 
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B. Characteristics of an Ideal Universal Influenza Vaccine (Objects of . 
the Invention^: 

1) Generation of group-common (heterologous) protection. A 
universal vaccine would be able to protect against different strains, 

^ within an H3N2 subtype for example, and possibly even across subtypes, 
e.g., from HlNl to H3N2. This likely would be mediated by cytotoxic 
T lymphocytes (CTL) recognizing antigens from internal conserved 
viral proteins, although neutralizing antibodies directed against 
conserved portions of membrane-bound proteins also might play a role. 

10. ■ . _ _ : _ -. . . : ■ : 

2) Increased breadth of antibody response. Because CTL are thought 
to play a role in recovery from disease, a vaccine based solely upon a 
CTL response would be expected to shorten the duration of illness 
(potentially to the point of rendering illness subclinical), but it would 

^ ^ not prevent illness completely .The method of. producing the current 
influenza vaccine by passage in eggs has been shown experimentally to 
be capable of selecting for virus subpopulatipns that have altered HA 
antigenicity. As a result, vaccine efficacy could be diminished because 
the; antibody elicited by the vaccine may not be completely effective 
against the predominant circulating strain. Thus, one would like to 
generate antibodies which would have aii improved breadth' of response 
compared to the current vacdne, The 1 992-93 flu season offered an 
exc?enent c£ise slxidy of the limitations; of the ctirrent: vaccine in fliat the 
vaccine,. wMch utilized AyBeijing/89, generated antibodies v/hich were 

^ ^ poorly cross-reactive (and poorly protective) against the new 

A/Beijing/92 strain which was also more vimlent. Both strains are 
H3N2, i.e.,?vpf the same subtype. In tenns of amino acid sequence, 
however, the A/Beijing/92-like strains differed from the A/Beijiiig/89- 
Uke strains^y only 11 point mutations (positions 133, 135, 145, 156, 
157, 186, 190, 191, 193, 226, and 262) in the HAl region. It is not 
known whether the cturent manu:facturing process influenced the lack 
of cross-reactivity, but clearly an improvement in the breadth of 
antibody response is desired. 
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3) Increased duration of antibody responses. Because one of the very 
groups that is at highest risk for the morbidity and mortality of 
influenza infection (elderly) is also fee group in whom protective 
antibody titers may decline too rapidly for annual immunization to be 
effective, ah improved vaccine should generate protective titers of ^ 
. antibody that persist longer. 

C. Polynucleotides as a Vaccinft 

Litramusciilar inoculation of polynucleotide constmcts, i.e., DNA 
plasmids encoding proteins have been shown to result in the in situ 
generation of the protein in muscle ceils: By using cDNA plasmids 
encoding viral proteins, both antibody and CTL responses were 
generated, providing homologous and heterologous protection' against 
subsequent challenge with either the homologous^ or cross-strain 
pitJtection, respectively. Each of these types of immune responses 
offers a potential advantage over existing vaccination strategies. The 
use of PNVs to generate antibodies may result in an increased duration 
of the antibody responses as well as the provision of an antigen that can 
have both the exact sequence of the clinically circulating strain of vims 
as well as the proper post-translational modifications and conformation 
of the native protein (vs. a recombinant protisin). The generation of 
GTL responses by this means offers the benefits of cross-strain 
protection without the use of a live potentially pathogenic vector or 
atteniiated vinis. 



; D- Further DescripH on of the Rack^mnnd- ■ 

Thus, a major challenge to the development of vaccines 
^ ^ against viruses such as influenza, against which neutralizing antibodies 
are generated, is the diversity of f Jie viral envelope proteins among 
different isolates or strains. As cytotoxic T-lymphdcytes in both mice 
and humans are capable of recognizing epitopes derived from conserved 
mtemal viral proteins [J.W. Yewdell et a/., Proc. Natl. Acad. Sci. 
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(USA) 82, 1785 (1985); A.R.M. ToWnsend, et ai. Cell 44, 959 (1986);. 

■ A.J. McMichael et al, J. Gen. Virol. 67, 719 (1986); J. Bastin et al, J. 
Exp. Med. 165, 1508 (1987); A.R.M. Townsend and H. Bodmer, Annu. 
Rev. Immunol. 7, 601 (1 989)], and are thought to be important in the 
immune response against viruses [Y.-L. Lin and B.AJ Askonas, J. Exp. 
^ Med. 154, 225 (1981); 1. Gardner cr a/.. Eur. J. hiimunol. 4, 68 
(1974); K.L. Yap and G.L. Ada, Nature 273, 238 (1978); A.J. 

: McMichael et al, New.Engl. J. Med. 309, 13 (1983); P.M. Taylor and 
B.A; Askonas, Immunol. 58, 417 (1986)L efforts have been directed 
towards the development of CTL vaccines capable of providing 
heterologous protection against different viral strains. ^ 

CD8+ GTLs kill virally-infected cells when their T cell 
receptors recognize viral peptides associated with MHC class I 
molecules [R.M. Zinkeinagel and P.C. Doherty, ibid. 141, 1427 (1975); 
R.N. Germain, Nature 353, 605 (1991)]. These p 
firom endogenously synthesized vinil proteins, regardte^ 
protein's location or function within the viras.j^^ T^ 
epitopes from conserved viral proteins, dTTLs may provide cross-strain 
protection. Peptides capable of associating wife MHC class I for CTL 
recognition originate from proteins that are present in or pass through 
the cytoplasm or endoplasmic reticulum [J.W» Yewdell and J.R. 
Bennink, Science 244, 1072 (1989); A.R.M. Townsend et a/.. Nature 
340, 443 (4989); J.G. Nuchtem et al, ibid. 339, 223 (1989)]. 
Therefore, in generkl, exogenous proteins, which enter the ehdosomal . 
processing^pathway (as in the case of antigens presented by MHC class II 
jnolecules), are not effective at generating CD8+ CTL responses. 

Most efforts to generate CTL responses have either used 
replicatjngwectors to produce the protein antigen witiiin the cell [J.R. 
Bennink ef>a/., ibid. 311, 578 (1984); J.R; Bennink and J.W. Yewdell, 
Cun-, Topyt,Microbiol. Immunol. 163, 153 (1990); C.K. Stover ef • 
^° Nature 351, 456 (1991); A. Aldovini and R.A. Young, Nature 351, • 
479 (1991); R. Schafer er al., J. Immunol. 149, 53 (1992); C.S. Hahn cr 
a/., Proc. Nati. Acad. Sci. (USA) 89, 2679 (1992)], or they have 
focused upon the introduction of peptides into tiie cytosol [F.R. Carbone 
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and MJ. Bevan, J. Exp. Med. 169, 603 (1989); K. Deres et al.. Nature 
342, 561 (1989); H. Takahashi e;* aL, ibid. 344, 873 (1990); D.S. 
Collins et al., J. Immunol. 148, 3336 (1992); M.J. Newman et aL, ibid. 
148, 2357 (1992)]. Both of these approaches have limitations that may 
reduce their utility as vaccines. Retroviral vectors have restrictions on 
the size anfd stracture of polypeptides that can be expressed as fusion 
proteins while maintaining the ability of the recombinant virus to 
replicate [A.D. Miller, Curr. Top. Microbiol. Immunol. 158, 1 (1992)], 
and the effectiveness of vectors such as vaccinia for subsequent 
immunizations may be compromised by immune responses against the 
vectors themselves [E.L. Cooney cf a/.. Lancet 337, 567 (1991)]. Also, 
viral vectors and modified pathogeps have inherent risks tiiat may 
hinder their use in humans [R.R. Redfield al.. New Engl. J. Med. 
316, 673 (1987); L. Mtoeola et al.. Arch. Intem. Med. 149, 1569 
(1989)]. Furthermore, the selection of peptide epitopes to be jpresented 
is dependent upon the structure oi" an individual's MHC antigens and, 
therefore, peptide vaccines may have limited effectiveness ddis to the 
diversity of MHC haplotypes in outbred populations. 

Benvenisty, N., and Reshef, L. [PNAS 83, 9551-9555, 
(1?86)] showed that CaCl2 precipitated DNA introduced into mice 
intraperitoneally, intrayenously or intramuscularly could be expressed. 
The intramuscular (ijn.) injection of DNA expression vectors in mice - 
has been demonstrated to result in the uptake of pNA by the muscle 
cpUs md expression of jfte protein encoded by the DNA [J A. Wolff et 
al.. Science 247, 1465 (1990); G. Ascadi et aL. Nature 352, 815 . 
(1991)]. The plasmids were shovm to be maintained episomally and did 
not replicate. Subsequently, persistent expression has been observed 
after ijn. injection in skeletal muscle of rats, fish and primates, and 
cardiac muscle of rats [H. Lin et dL, Circulation 82, 2217 (1990); R.N. 
Kitsis et al, Proc. Natl. Acad. Sci. (USA) 88, 4138 (1991); E. Hansen • 
et al, FEBS Lett. 290, 73 (1991); S. liao et al., Hum. Gene Therapy 3, 
21 (1 992); J.A. y^o\ff et al. Human Mol. Genet. 1, 363 (1992)]. The 
technique of using nucleic acids as therapeutic agents was reported in 
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WO90/1 1092 (4 October 1990), in which naked polynucleotides were 
used to vaccinate vertebrates. 

fJt is not necessary for the success of the method that 
, immunization be intramuscular. Thus, Tang et ah, [Nature, 356, 152- 
, 154 (1992)X.disclosed that introduction of gold microprojectiles coated 
with DNA encoding bovine growth hormone (BGH) into the skin of 

mice resulted in production of anti-BGH antibodies in tihe mice Furth 

et^aL,^.[^ a|g 
:g^^t|ijQ^)\j^^ fat, and. mammary 

^ tissues of Hying animals. Various methods for introducing nucleic acids 
^yas recently reviewed by Friedman, T., [Science^ 244, 1275-1281 
(1989)]. See also Robinson et al.. Abstracts of Papers Presiented at the / 
1992 meeting on Modem Approaches to New Vaccines, Including 
Prevention of AIDS, Cold Spring Harbor^ p92, where the im, ip, and iv 
administration of. avian influenza DNA into chickens was alleged to have 
provided protection agairist lethal chyienge*^^ there was no 

disclosure of which avian mfluenza vims genes were used. In addition, 
only H7 specific inmiune responses were alleged, without any mention 
of induction of cross-strain protection. 

methods for introducing nucleic acids intp. Jiving, tissue to 
exi)r|MS^^^ This invention provides a method for 

^ introducing viral proteins into the antigen processing pathway to 

geiierate virus-specific CTLs. Thus, the need for speafic therapeutic 
; ageflt^ capable of bticittng desired prophylactic imrnune responses 
' against viral pathogens is met for influenza virus by this invention. Of 
particular importance in this therapeutic approach is the ability to 
induce T-c§ll immune responses which can prevent infections even of 
virus straiAS which are heterologous to the strain 
, ahtigen gene was obtained. Therefore, this invention provides DNA 
constructs encoding Viral proteins of the human influenza vims 
nucleoprotein (NP), hemagglutinin (HA), iieuniniimdase<NM), matrix. 
(M), nonstructural (NS), pblymeiase (PB 1 and PB2= basic, polymerases 
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1 and 2; PA= acidic polymerase) or any of the other influenza genes 
• which encode products which generate specific CTLs. 

The influenza virus has a ribonucleic acidXRNA) genome, 
consisting of multiple RNA segments. Each RNA encodes at least one 
gene product. The NP gene product binds to RNA and translocates 
viral RNA into the nucleus of the infected celL The sequence is 
conserved, with only about 7% divergence in the amino acid sequence 
having arisen over a period of 50 years. The P gene products (PBl , 
PB2, PA) are responsible for synthesizing new viral RNAs. These 
genes are even more highly conserved than the NP gene. HA is the 
major viral envelope gene product. It is less highly conserved than NP. 
It binds a cellular receptor and is therefore instrumental in the initiation 
of new influenza infections. The major neutralizing antibody response 
"is directed against this gene product. A substantial cytotoxic T 
^ ^ lyn^phocyte response is also directed against this protein. Current 
vaccines against human influenza virus incoiporate three strains of 
influenza vims or their HA proteins. However, due to fee variability in 
the protein sequence of HA in different strains, the vaccine must 
constantly be tailored to the strains which are current in causing 
pathology. However, HA does have some conserved elements for the 
generation of CTLs, if properly presented. The NSl and NS2 gene 
products have incompletely characterized biological functions, but may 
be significant in production of protective CTL responses. Finally, the 
Ml aiid M2 gene products, which are slightly more conserved than in 
HA, induce a major CTL response. The Ml protein is a very abundant 
viral gene product. 

The protective efficacy of DNA vaccination against 
subsequent viral challenge is demonstrated by immunization with non- 
replicating plasmid DNA encoding one or more of the above mentioned 
viral proteins. This is advantageous siace no infectious agent is 
involved, no assembly of virus particles is required, and determinant 
selection is permitted. Fmlhermore, because the sequence of 
nucleoprotein and several of the other viral gene products is conserved 
among various, strains of influenza, protection against subsequent 
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challenge by a virulent strain of influenza virus that is homologous to or 
heterologous to the strain from which the cloned gene is obtained is 
enabled. 

SUMMARY OF THE INVENTION 

DNA constmcts capable of being expressed upon direct 
introduction, via injection or otherwise, into animal tisisues, are novel 
prophylactic pharmaceuticals. They induce cytotoxic T lymphocytes 
(CTLs) specific for viral antigens which respond to 
vinis, in contrast to antibodies which are generally strain-specific. The 
g^^^^^ such CTLs in vivo usually requires eiidogen^^^^ 

of the antigen, as in the case of viras infection. To generate a viral 
atiBgen for to the immune system, without the limitations 

of direct peptide delivery or tiie use of viral vectors, plasmid DNA 
encoding human influen?;a virus proteins was injected into the 
quadriceps of BALB/c mice, this resulted in the generation of influenza 
virus-specific GTLs d^d protection from subseqfu^ challenge with a 
heterologous strain of iMluenza vims, as measured by decreased viral 
lung titers, inhibition of weight loss, and increased survival. High titer 
neutralizing antibodies to hemagglutinin and antibodies to riucleoprotein 
were generated in rhesus monkeys, and decreased nasal vims titers were 
observed following homologous and heterologous challenge in ferrets. 

Key observations relating to our iriventioh include: 
r) Deiiionstration of efficacy. Heterologous protection is seen foUoy/^ 
irnmunizatipn with niicleoprotein (NP) DNA as measured by increased 
survival, decreased viral limg titers, and inhibition of weight loss in 
mice challeiiged with a strain of influenza different from the sbxirce 
strain for the NP gene. In fliis case, the surface proteins of the two 
strains were quite different (HlNl vs. H3N2), and the challenge strain . 
2u-ose 34 years after the initial strain. Iinmunization of ferrets with NP 
DNA and matrix (Ml) DNA, eitfcier separately, together, or m 
conjunction with HA DNA, provided protectioii (decreased nasal virus 
shedding) against challenge with a drifted strain (a cliiiical isolate). 
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hiotably the protection by the DNA cocktail (NP and Ml bN A encoding 
the Beijing^9 proteins, and HA DiNA encoding either the Beijing/89 or 
the Hawaii/91 HA) was greater against a drifted strain (Georgia/93) in 
ferrets than that afforded by the licensed vaccine (containing. 

^ Beijing/89). The cocktail containing the HA DNA from Hawaii/91 

appeared to be shghtly more efficacious than the cocktail containing the 
HA DNA from Beijing/89. The protection seen with the cocktail 
including the HA DNA for Hawaii/91 resulted in protection identical to 
the protecdoti seen with the homologous HA DNA (Georgia/93), 

^ ^ whereas the cocktail with the HA DNA for Beijing/89 was different 
from the homologous protection, although it still waS significantly 
better than the licensed product HDL antibody was generated in all 
species tested including niice, ferrets, Rhesus monkeys, 
green monkeys. 

2)Tersistence. In studies using a DNA encoding a reporter |ehe, the 
presence of DNA and protein expression persisted for at least 1 .5 years 
(the longest time tested in liuce; Wolfi et al.. Human Mol . Gienet., 
1992). Hius, if the influenza gene products also are expressed 
persistenUy, the resulting immune response also should persist. The 
antibodies and CTL (Yankauckas et al., DNA & Cell Biol., 1993), and 
homologous protective immumty (MRL data) generated by influenza 
DNA injection have been shown to persist for oyer one year in mice. 
Ahtibodies have been shown to persist in Rhesus monkeys for at least 
25 ypar.so far. Duration of CTL responses and Jhteterologous 

protection (increased survival) persists to 6 months (the longest time 
ppint tested thus far). A slight decline in the degree of heterologous 
protection occurred, but the protection is bopstable. . 

30 3) Dose ranging. Dosage studies have been performed in Rhesus 

monkeys showing that 100 fig of HA DNA giyen twice; resulted in good 
titers of HI ^tibody that have persisted to one year so far. The 
generation of protection (increased survival following heterologous 
chaUenge) in mice was seen with doses as low as 6 [ig (given 3 times) 
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and with a single injection of 200 p-g, but in general an increased 

number of injections (up to 3) improved the degree of protection. 

Primate studies revealed that 2 injections of 10 or 100 |Xg of DNA x 

encoding 3 HAs and NP and M 1 (the latter encoding die H3N2 

Beijing/89 genes) resulted in HI antibody titers quite siniilar to those 

generated by the licensed vaccine., It is important to remember that all 

of the animals studied are naive to influenza, whereas the target clinical 

population (older individuals) are all experienced to flu. (Recall that 

children under 9 are given 2 injections of the licensed vaccine.) 

BRIEF DESCRIPTION OF THE RGURES 

Fig. 1. Detection of NP plasmid DNA JiLmuscJe^^b^^^ 
injected three times, at three week intervals, witib RSVrNP DNA or 
blank vector (100 fxg/leg) into both quadriceps muscles of BALB/c 
f mice, followed by influenza infectionv The^m 
weeks after the final injection and iminediately frozen in liquid 
nitrogen. Iliey were then pulverized in lysis buffer (25niM Tris- . 
H3PO4 pH8, 2mM trans- l:2-dianiinocyclohexan-tetra-acetic acid 
(CDtA), 2mM DTT, 10% glycerol, 1 % Triton X-100) in a MIKRO- 
DISMEMBRATOR™ (B. Braim Instruments), and high 
. wdght P was extracted by phenol/chlorpfonn and ethianol 

precipitetion* A 40 cycle PGR reaction iGPGR was performed as per 
instructipiK in Perkin Elmer Cetus GENEAMP™ kit) was performed to 
detect the presence of NP plasmid DNA in niuscle. A 772 base-pair 
PGR product (see arrowhead), wMch spans from the GMV promoter 
through most of the 5' portion of the inserted NP gene was generated 
ftom an 18 base long sense ohgonucleotide which primed in the , 
promoter region, (GTGTGCAGGTGAAGGTGG, SEQ. ID:!:) and a 23 . 
base long oligonucleotide antisense primer in the of the 5* portion of the 
inserted NP sequence (CCCITrGAGAATGTTGCACATTC, SEQ. 
ID:2:), The 772 bp product is seen on an ethidium bromide-stained 
agarose gel in selected NP DNA-mjected muscle samples but hot in the 
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blank vector control (600L). Labeling above each lane indicates mouse 
identification number and right or left leg; 

Fig. 2. Production of NP antibodies in mice injected with NP DNA. 
Mice were injected with 100 |ig VI -NP DNA m each leg at 0, 3 and 6 
weeks, and blood was drawn on 0, 2, 5 and 8 weeks. The presence of 
anti-NP IgG in the serum was assayed by an ELISA ( J. J. Donnelly et 
aL, J. Immunol. 145, 3071 (1990)), with NP purified from insect cells 
that had been transfected with a baculovirus expression vector. The 
results are plotted as mean log 10 ELISA titer ± SEM (n=10) against 
time after the first injection of NP DNA. Mice immunized with blank 
vector generated no detectable NP antibodies. 

Fig. 3. Percent specific lysis, detemiined in a 4-hour 5 ICr release 
assay, for CTLs obtained fi:om mice immunized with DNA. /Mice were 
iimnuhized with 400'M.g Vl-NP DNA (solid circles) or blanfc vector 
(solid squares) and sacrificed 3-4 weeks later. Negative control CTL 
were obtained from a naive mous(j (open triangles) and posiitive controls 
from a mouse that had recovered -from infection With A/IfiC/68 four 
weeks previously (solid triangles). Graphs depict data from 
representative individual mice. At least eight individuals were studied 
foreach set of conditions. Panel A: Spleen cells restimulated with 
NP147-l55-pulsed autologous spleen cells and assayed against NP 147- 
155-pulsed P815 cells. Pkhel B: Spleen cells restiihulated with NP147- 
155-pulsed autologous spleen cells and assayed against PS 15 targets 
infected with influenza A/Victoria/73 (H3N2) for 6 hours before 
addition of CTL. Panel C: Spleen cells restimuiated with Con A and 
IL-2 without additional antigen and assayed against P8 15 cells pulsed 
with NP147-155. Panel D: Mice Were injected with 200 ^ig per 
injection of Vl-NP DNA or blank vector three times at three week 
.intervals. Spleens were harvested 4 weeks after the last immunizarion, 
spleen cells were cultured with IL-2 and Con A for 7 days, and CTL ' 
were assayed against P815 target cells infected with AyVictoria/73. 
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Fig. 4. Mass loss (in grams) and recovery in DNA-imniunized mice 
after unanesthetized intranasal challenge with 104 TCID50 of A/HK/68. 
Mice were immunized three times at 3-week intervals >yith VI -NP DNA 
or blank vector, or were not injected, and were challenged 3 weeks 
after the last inimimization. Weights for groups of IQ mice were 
determined at the time of challenge and daily from day 4 for NP DNA- 
injected mice (solid circles), blank vector controls (open triangles), and 
iminjected controls (open circles). Shown are mean weights ± SEM. 
NP DNA-injected mice displayed significantly less weight loss on day 8 
throughvl 3 than blank vector-injected (p<0.^^^ 

(p<0,01), as analyzed by the t-test. No significant difference was noted 
between the two controls (p=0,8 by the t-test). 

Fig. 5. Survival of DNA immunized mice after intranasal challenge 
(under anesthesia) with 102-5 TCIP50 of A/HK/68, Mice inmiunized 
three times at three week intervals with Vl-NP DNA (closed circles) or 
blank vector (open circles) and uninjected controls (open triangles) 
were challenged three weeks aftei* tibe final inraiunizatipn. Percent 
survival is shown for groups of 9 or 10 mice. Survival of NP DNA- 
injected mice was significantly greater than controls (p=0.0004 by Chi- 
square analysis), while no significant diffei^nce'was seen between blank 
vector-injected and uninjected mice (p=0. 1 7 by Chi-square analysis). 



.Fig. 6. Sequence of the expression vector ¥1 J, ^S 

Fig. 7. Sequence of the expression vector VI Jneo, SEQ. ID:18: 

Fig- 8. Sequence of the CMVintA-BGH promoter-terminator 
sequence, SEQ. ID: 1 L 

Fig. 9. Monkey anti-NP antibody 
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Fig. 10. Feiret hemagglutination inhibition, with the dotted line 
indicating the minimal protective antibody titer, and the average value 
being denoted with a circle having a line through it. 

Fig. 11. IgG Anti^NP antibody in ferrets after DNA immunization. 

Fig. 12. Influenza virus shedding in ferrets with and wdthout DNA 
immunization. 

Fig. 13. Diagram of pRSV-PR-NP and VI-NP vectors. X denotes the 
inserted coding region; 

Fig. 14. Schematic of influenza proteins and strains. 

Fig- 15. Schematic of injected pNA processing inside a cell. 

F||. 16. Resistence of ferrets to influenza A/RP/8/34 induced by 
iinmunization with HA and intemal protein genes. 

Fig.l?- Schematic of VI Jns vector. 

Fig. 18. African green inonkeys were injected with a cocktail of 
DNAs consisting of HA DNA (A/Beijing/89, B/Panama/96, 
AyTexas/9l), NP DNA (A/PR/34) and Ml DNA (A/PR/34). Each: 
component was either 10 jig (solid squares) or 100 jxg (solid circles) 
administered twice witii a six Week interval (see arrows). For 
comparison, other animals were injected with licensed subvirion (open 
squares) and whole virion (op6n circles) vaccines at the full human dose 
(45 {Xg protein equivalent; 15 ng per HA). Senlm samples were 
collected every two weeks for 18 weeks and analyzed for HI titer 
against A/Beijing/89 HA. Data is represented as geometric mean HI 
titer ± SEM where n=3. 
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Fig.l9, Female BALB/c mice (4-6 weeks) were injected with A/PR/34 
NP DNA (200 |ig) three times with three week intervals. Negative 
controls included mice injected with control DNA (200. \ig), 
recombinant NP protein (10 |ig). and naive, iminjected mice (mock). 
For comparison, mice infected with influenza virus A/HK/68 (flu) were 
also tested. CTL were obtained 6 months post-dose one and 
restimulated in vitro with virus-infected, syngeneic spleen cells and 
tested against NP peptide-pulsed P815 cells at an effectorrtarget ratio of 
10:1. Data represent % specific lysis ±sd, where n=3. 

Fig. 20. C3H/HeN mice were injected v^th nomial C2C 12 myoblasts 
(1 X 107 cells), recombinant NP protein (2 |ig), or NP-transfected 
myoblasts (1 X 10^ cells)- Hiis amount of NP protein (2 |Xg) was 
sufficient to generate antibody responses and was equivalent to 
approximately 100 times the amoimt of NP present in the transplanted 
NP-transfected myoblasts. CTL were prepared from these mice six 
weeks after treatment' emd restimuh^ vims- 
infected syngeneic spleen cells. As a positive control, CTL were 
prepared from mice that had been infected with influenza vims 
A/HK/68, Untreated (solid bars), influent vims A/Victoria/73-infected 
(striped bars) and NP-transfected niyobiasts (stippled bars) were used as 
target pells at an effecton target ratio of 25:1. Data are presented as % 
specific lysis ± sd, where n-3/ 
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.Fig» 2L Four week old female BALB/c mice were immunized 
.injbrainus^^^^ with 200 |Lig of NP DNA 3 times at 3 week intervals* 

Mice were challenged 3 weeks after the third immunization with 300 
^ TCID50 of A/HK/68 administered under anesthesia (total respiratory 

tract challenge). The proportion of surviving mice (10 mice/group) is 
• plotted versus time after challenge. 

Fig* 22. Four week old female BALB/c mice were immunized 
intramuscularly with 100 \ig of NP DNA 3 times at 3 week intervals. 
Ivlice were cl^^ 3 weeks after the third immunization with 300 
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TCID50 of A/HIC/68 administered under anesthesia (total resp^^ 
tract challenge). Mice were weighed daily and the proportion of the 
initial weight was calculated for each surviving mouse. Mean percent of 
initial weights are plotted ± SEM versus time after challenge. 

Fig. 23. Four week old female BALB/c mice were immunized 
intramuscularly wit^ 200 jig of NP DNA 3 times at 3 week iiitervals. 
Mice were challenged 3 weeks after the third immunization with 2000 
TCID50 of A/HK/68 administered without anesthesia (upper respiratory 
tract challenge). Mice were euthanized 7 days after challenge, the lungs 
were removed and homogenized, and viral titers were determined by 
serial titration on MDCK cells. 

Fig. 24. Four week old female BALB/c mice were iminunized 
^^m 100, or 200 \ig of NP DNA 3 times at 3 

Week intervals- Mice were challenged 3 weeks after the third 
immmrization with 300 TCID50 of A/EiK/68 administered under 
anesthesia (total respiratory tract challenge); The proportion of 
surviving mice (10 mice/group) is plotted versus time after challenge. 

Fig. 25. Four week old female BALB/c mice were immunized i.m. 3 
times at 3 week intervals with 200 ^.g of A/PR/34 NP DNA. control 
DNA, or sham injected. Mice were then challenged with 300 TCID50 
of A/HK/68 under anesthesia 6, 12, and 25 weeks following the third 
iiijectioh of DNA. Selected mice were reinommiized with 200 \tg of NP 
DNA at week 22 and then challenged at week 25 ("Rebobst"). Mean 
weights are shown as a percentage of the initial total weight for each 
group. The control weight shovra is the mean of the weights of all of 
the control groups from the 6, 12, and 25 week challeriges, a total of 6 
3Q groups that received control DNA or were sham injected. Groups 
initially contained 1 0 animals each; mice wiere excluded from further 
weight analysis after death. 
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Fig. 26. Adult (22-28 week old) male ferrets were inimunized i,m,, , . 
with 1 mg of DN A encoding the NP from A/Beijing/89, 1 mg of DNA 
encoding the Ml from A/Beijing/89, or 1 mg of each DN A combined, 
on days 0 and 42. Control ferrets received noricoding DN A or a full 
human dose (15 |Xg/strain) of the licensed whole virus influenza vaccine 
(92-93 formulation) containing A/Beijing/89 on days 0 and 42. Ferrets 
were challenged with A/Georgia/93 on day 56. Viral shedding in nasal 
washes was determined as described above. Viral shedding on days 3-5 
was compared with shedding in ferrets given control DNA by a two- 
way analysis of variance. Shedding in ferrets given NP DNA, Ml 
DNA, orNP+Ml DNA was significantly lower ({xO.OpOl. 0.0016, and 
<0.0001, respectively) than shedding in coritrol ferrets. Shedding in 
ferrets given NP (data not shown), Ml, or NP+Ml was not significantly 
different from shedding in ferrets giyen the licensed vaccine (p=0.104, 
0.533, and 0.145, respectively). The immunization dose of 1 mg was 
chosen arbitrarily; dose-ranging studies were conducted in nbnhuman 
primates. 

Fig. 27. Groups of 8 male 22-25 week old ferrets were inununized 
.intramuscularly with control DNA, saline, or DNA encoding influenza 
A/PR/S/M proteiiis on days 0, 21, and 121, and were challenged 
intranasally widi 200 TCID50 of A/PR/8/34 on day 148. Immuiaized 
animals req,^iyed:i mg of NP DNA, or 2 mg of NP, NSl , PBl, PB2, 
and Ml DNA combined (400 jig eaph construct). . Controls received 0.5 
ml/leg of saiihe or 1 nog of control DNA. For purposes of analysis, the 
groups that refceived saline and control DNA were combined (Control), 
as were the groups that received NP DNA alone or'in combination with 
other intemal protein genes (hitemal). The graph shows the nasal wash 
infectivity titers in TCID50 per 50 ^il of a 3 ml Volume of nasal v/ash 
fluid. Undiluted wash fluid (the lowest dilution tested) was assumed to 
be a 1 :10 dilution of the original nasal exudate aiid a positive undiluted 
sample was assigtied a value of 1 log. Titers above 1 log were assigned 
on the basis of Rfeed-Muench interpolation among three replicates to 
yield a 50% infectivity endpoint. Samples that were negative when 
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tested undiluted were assigned a value of 0 logs. Values for p shown on 
the graph are computed for immunized ferrets vs controls on the 
indicated days by the T-test for two means: Values for p for the entire 
curves were computed by two-way analysis of variance and were 
<0*aOOI for NP vs control and <0.001 for the combined DNAs vs 
^ control. I 

Fig. 28. Survival of mice immunized with DNA and then challenged 
with influenza viniis. Mice were injectedj^,m. with 200 fig of DNA 
encoding the HA from A/PR/34 or control (noncoding) DNAy three 
times at three week intervals. Three weeks after the final immunization 
rhice were given total respiratory tract challenge (by intranasal 
instillation imder anesthesia) with 10^ 

plotted as % survival versus time after challenge (n=9 or 10 mice per 
^5 group). 

]g[g. 29- Weight loss in mice immunized with DNA and then 
challenged with influenza virus. Mice were injected i^m. with 200 |i.g of 
DNA encoding the HA from A/PR/34 or control (noncoding) DNA, 
three times at three week intervali^^ Three weeks after the final 
inrniumzadon mice were given total respiratory tract challenge (by 
intranasal instillation imder anesthesia) with 1000 TCID50 of A/PR/34. 
Data are plotted as % of initial weight for each individuial ajiimal, 
averaged for each group, 
from the mean.) 

Fig. 30. Survival of mice immunized with DNA iand then; challenged 
with influenza vims. Mice were injected.i.m. with 1, 10, or 100 |xg of 
DNA encodmg the HA from A/PR/34 or control (noncoding) DNA, 
three times at three Week intervals. Three weeks after the final 
immnnization DMce were given total respiratory tract challenge (by 
intranasal instillation imder anesthesia) with 1 000 TCID50 of A/PR/34. 
Data are plotted as % survival versus time after challenge (n=9 or 10 
mice per group). 
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Fig. 31- Groups of 8 male 22-25 week old ferrets were immunized 
intramuscularly. control DNA, saline, or DNA encoding influenza 
A/PR/34 proteins on days 0, 21, and 121, aiid were chiallenged 
intranasally vvith 200 TCID50 of A/PR/34 on day 148> bnmunized 
animals received 1 mg of HA DNA, or 2 mg of HA, NP, NS l, PBl, 
PB2, and Ml DNA combined (330 |xg each constmct). Controls 
received 0,5 ml/leg of saline or 1 mg of control DNA. For purposes of 
. analysis, the groups that received saline and control DNA were 
ppmbined ji^ontrol) as were the groups that received HA DNA alone or 

^ in combination with other internal protein genes (HA, HA+Intemal). 
The graph shows the nasal wash infectivity titers in TCID50 per 50 |i.l 
of a 3 ml volume of nasal wash fluid. -Undiluted wash fluid (the lowest 
dilution tested) was assumed to be a 1:10 dilution of the original nasal 
exudate and a positive undiluted sample was assigned a value of 1 log.- 

^ Titers above 1 log were assigned on the basis of Reed-Muench 

interpolation among three xeplicates to yield a 50 % infectivity endpoint. 
Samples that were negative when tested undilutejd were assigned a value 
of 0 logs. Values for p for the entire curves were computed by two- 
way analysis of variance and were <p.0001 for HA vs control and 

^ <0 .0001 for the combined DN As ,vs control. 

Fig*,32.; Adult (22-28 week old) male ferrets were immunize^i-^^ 
with 1 mg o^ encoding the HA from A/Georgia/93, on days 0 and 
42» Coiittpl ferrets received noncoding DNA or a full human dose (15 

^ jig/strairi) of the licensed whole virus influenza vaccine (92-93 

formulation) containing A/Beijing/89 on days 0 and 42. Ferrets were 
. challenged with A/Georgia/93 on day 56. Viral shedding, in nasal 
washes was determined as described above. Viral Redding on days 1-6 
\yas conpipared with shedcMng in ferrets given control DNA by a t^yo- 

° way analysis of variance. Shedding in ferrets given HA DNA was 
significantly lower (p<0.0p01) than shedding in control ferrets. 
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Fig. 33. Adiilt (22-28 week old) male ferrets were immunized i.m. 
with 1 mg of DNA encoding the HA from A/Hawaii/9 1 or A/Beijing/89 
(data not shown), on days 0 and 42. Control ferrets received noncodmg 
DNA or a full human dose (15 jig/strain) of the licensed whole virus 
influenza vaccine (92-93 formulation) containing A/Beijihg/89 on days 
0 and 42. Ferrets were challenge' d with A/deorgia/93 on day 56. Viral 
shedding in nasal washes was detemiined as described above. Viral 
shedding on days l-'6 was compared with shedding in ferrets given 
control DNA by a two-way analysis of variance. Shedding in ferrets 
given A/Hawaii/91 HA DNA was significantly lower (p<O.GO0l) than 
shedding in control ferrets. Shedding in ferrets given A/Hawaii/91 HA 
DNA was significantly less than shedding in ferrets given hcensed 
product (p=0.021 for A/Hawau/91 HA DNA; two-way ANOVA for 
days 1-6); shedding in ferrets given A/Beijing/89 HA DNA (data not 
shown) was not significantly different from shedding in ferrets given 
licensed product (p=0.O58; two-way ANOVA for days 1-6)?' ' 

Fig. 34. Adult (22-28 week old) male ferrets were immunized i.m; 
with 1 mg of DNA encoding the :HA froni A/Hawaii/9 1 (see Figure 13), 
or with 330 |xg each of DNAs enc;oding the HA from A/Hawmi/91, and 
the NP and Ml from A/Beijing/8.9, on days 0 and 42. Control ferrets 
received noncbding DNA or a full human dose (15^^g/strain) of the 
licensed whole virus influenza vaccine (92-93 foiinulation) Containing 
A/Beijmg/89 oh days 0 knd 42. Ferrets were challenged with 
A/Georgiia/93 on day 56. Viral shedding in nasal Washes was - 
determined as described above. Viral shedding bn days 1-6 was 
compared with shedding in ferrets given control DNA by a two-way 
analysis of variance. Shedding in ferrets given.HA+NP+Ml DNA was 
significantly lower than shedding in ferrets given licensed vaccine 
(p<0.0001) or HA DNA .alone (p=i0.0053). ' 

Fig. 35. Adult (22-28 week old) male ferrets were immtinized ilm. " 
with 1 mg of DNA encoding the HA from A/Gebrgia/93, or with 330 
^lg each of DNAs encoding the HA from A/Hawaii/91 , and the NP and 
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M 1 from A/Beijirig/89 , on days 0 and 42. Control ferrets received 
; noncoding DN A or a full human dose ( 1 5 |ag/strain) of the licensed 
whole virus influenza vaccine (92-93 formulation) containfiig 
A/Beijing/89 on days 0 and 42. Ferrets were challenged with 
A/Georgia/93 on day 56- Viral shedding in nasal washes was 
determined as described above. Viral shedding on days 1-6 was 
compared with shedding in ferrets given coiitrol DNA by a t^yo-way 
analysis of variance. Shedding in ferrets given HA+NP+Ml pNA was 
not significantly different from virus shedding in ferrets given the 
homologous HA DNA (p=0.064). 
Fig. 36. Sequence of VIR, 

DETAILED DESCRIPTION OF THE INVENTION 

This invention provides nucleic acid pharmaceuticals 
which, when directly introduced into an animal, including vertebrates, 
such as mammals and humans, induce the expression of encoded 
^ ^ proteins within the animal. A\liere^^ A^^^^ is one which does iiot 

nomaUy occur in that animal except in patholog^^ 
proteins associated with influenza vims, for example but not limited to 
the influenza nucleoprotein, neuraminideise, hemagglutinin, polymerase, 
matrix or nonstructural proteins, the animals' immune system is 
activated to launch a protective response. Because these exogenous 
proteins are produced by ttie animals' own tissues, the expressed 
4,, proteins are processed and presented by the major histocompatibility 
complex, MHC.^T^ 

upon actual infection with the related organism. The result, as shown in 
this disclosiu^, is induction of immime responses which protect against 
virulent infection. 
_ This invention provides nucleic acids which, vv^hen 

introduced into animal tissues in vivo : b^ jmje^pjd^^ - 
unpressioii by an analogous mechanism (see BACKGRQIJND OE THE,' 
INVENTION above), the expression of the human influenza virus gene 
product bccu^^^ for example; injection of DNA constructs of this 

invention into the niuscle of mice, induces expression of th^ 
gene products. Lik^iwise, in ferrets and rhesus monkeys. Upon 
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siibsequent challenge with virulent influenza virus, using doises which 
uniformly kill control animals, animals injected with the polynucleotide 
vaccine exhibit much reduced morbidity and mortality. Thus, this 
invention discloses a vaccine useful in humans to prevent influenza vims 
infections. 

We have shown that DNA constructs encoding influenza 
viral proteins elicit protective immune responses in animals. As will be 
described in more detail beloNy, immune responses in animals have 
included antibody and CTL generation in mice, antibody generation in 

^ feirets and primates, and protection from yiral challenge in mice and 
ferrets with homologous, drifted and shifted strains of influenza. 
Perhaps the most striking result of immunization with DNA encoding 
viral proteins was the ability to confer protection against distinct 
subtypes of virus. ; This suggests that adding a CTL-eliciting component 

^ to a vaccine should serve to mitigate the impact of new variiants which 
' arise in mid-season or are unanticipated when the Vaccine stfainis are 
chosen each year for the following year. Importantly, imjniMization 

vectors encoding an HA, MP and Ml gene was aible to 
protect naore effectively against a drifted strain of virus in ferrets than 

^ was the licensed vaccine. This pnDvides a justification for the use of 
constracts encoding intemal genes iti the PNV. 

In one embodiment, die vaccine product will consist of 
separate DNA plasmids encoding, for example, HA from Ae 3 prevalent 
clinical sti^s representing A/HINl (A/Texas/9l), A/H3N2 

^ (A/Ge6rgia/93), and B (B/Panama/9Q) vinises as weU as DNA 

cdnstnicts encoding the internal conserved proteins NP and Ml (mat^ 
from both A (Beijing/89; H3N2) and B strains in order to provide 
grotip-common protection against drifted and shifted antigens. The HA 
DNAs will function by generating HA and resulting neutralizing 

^ antibodies against HA. This wiU be type-specific, with some increased ' 
breadth of protection against a drifted strain compared tb the current 
licensed, protein-based vaccine. The NP and Ml constracts will resuh 
in the generation of CTL which will provide cross-strain protection 
with potentiaUy lower viral loads and with acbeleration of recovery 
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from illness. The expected persistence of the DN A constructs (in an 
episomal, non-replicating, non-integrated form in the muscle cells) is 
expected to provide an increased duration of protection compared to the 
current vaccine. 

The anticipated adv^mtages over the current, licensed 
vaccines include: increased breadth of protection due to CTL responses 
± increased breadth of antibody, and increased duration of protection. 
The PNV approach avoids the need to make, select and propagate 
reassortants as is done for the current licensed vaccine since a new DNA 
Gonstract can be made more directly from a clinical field isolate. 

In one embodiment of the invention, the human influenza 
virus nucleoprotein, NP, sequence^ obtained fironi the A/PR/8/34 strain, ' 
is cloned into an expression vector. The vector contains a promoter for 
RNA polymerase transcription, and a transcriptional terminator at the 
end of the NP coding sequence. In one preferred embodiment, the 
promoter is the Rous, sarcoma virus (RSV) lpng terminal repeat (LTR) 
which is a stfOng transcriptional proi^^^ 
promoter is &e cytomegalovirus promoter with the ^i^ 
(CMV-intA). A preferred transcriptional tenninator is the bovine 
growth hormone terminator. The combination of CMYintA-BGH 
terminator is particularly preferred. In addition, to assist in 
preparation of the pharmaceutical, an antibiotic resistance marker is 
also preferably included in the expression vector. Ampicillin resistence 
genps, neprnycin resistance genes or any other pharmaceutically / 
apceptable antibiotic resistance marker may be used. In a preferred 
embodiment of this invention, the antibiotic resistence gene encodes a 
gene product for neomycin resistence. Further* to aid in the high level 
production of the pharmaceutical by feraientation in prokaryotic 
organisms, it is advantageous for the vector to contain an origin of 
replication and be of high copy number. Any of a number of • 
commercially available prokaryotic clomng vectors provide these 
benefits* In a preferred embodiment of this invention* these 
functionalities are provided by the commercially available vectors 
known as pUC. It is desirable to remove non-essential DNA sequences. 
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Thus, the lacZ and lad coding sequences of pUC are removed in one 
embodimbnt of the invention. 

In one embodiment, the expression vector pnRSV is used, 
wherein the rous sarcoma virus (RSV) long temiinal repeat (LTR) is 
used as the promoter. In another embodiment, VI, a inutated pBR322 
vector into which the CMV prom oter and the BGH transcriptional 
terminator were cloned is used. The Vl-NP construct was used to 
immunize mice and induce CTLs which protect against heterologous 
challenge. In a particularly preferred embodiment of this invention, the 
elements of VI have been been combined to produce an expression 
vector named V I J. Into V IJ is cloned ah influenza virus gene, such as 
an A/PR/8/34 NP,PBl;NSl,HA, PB2, or MI gene. In yet another 
emobodiment, the ampicillin resistance gene is removed from VI J and 
replaced with a neomycin resistance gene, to generate V I j-heo 
(SEQ.ID: 1 8:, Figure 7), into which any of a number of different 
Muenza virus genes have been cloned for use according to«tiiis 
i^|ention. In yet another embodiment, the vector is VlJriSi'which is the 
siSie as VI J except that a unique Sfil restrictioii site has^ b^ 
Engineered into the single Kpnl site at position 21 14 of VlJ-neo. The 
incidence of Sfil sites in htmian genomic DNA is very low 
(^proximately I site per 100,000 bases). Thus, this vector allows 
careful monitoring for expression vector integration into host DNA, 
simply by Sfil digestion of extracted genomic DNA. In a further 
refinement, the vector is VIR. In this vector, as much non-essential 
DNA as possible was "trimmed" from the vector to produce a highly 
compact vector. This vector is a derivative of VlJns and is shown in 
Figure 36, (SEQ.ID.:45:). This vector allows larger inserts to be used, 
with less concern that undesirable sequences are encoded and optimizes 
uptake by cbUs when the construct encoding specific influenza vir^ 
genes is introduced into surrounding tissue. In figure 36, the portions • 
of VI Jneo (Figure 7) that are deleted arc shown as a gap, and inserted 
sequence. is in bold text, but the numbering of Vl Jneo is unchanged. 
The foregoing vector modificatipn and development proceedures may 
be accomplished accordiDg to methods known by those skilled in the art. 
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The particular products described however, though obtained by 
conventional means, are epecially useful for the particular purpose to 
-which they are adapted. 

, , While one embodiment of this invention incorporates the 

^influenza NP gene from the A/PR/8/34 strain, more preferred 
embodiments incorporate an NP gene, an HA gene, an N A gene, a PB 
gene, a M gene, or an NS gene fiom more recent influenza vims 
isolates. This is accomplished by preparing. DN A copies of the viral 
genes and then subcloning the iiidividual genes. Sequences for many 

2;^genes of many influenza vims strains are now publicly available on 
GENBANK (about 509 such sequences for influenza A genes). Thus, 
any of tiiese genes, cloned from the recent Texas, Beijing or Panariia 
isolates of the vims, which are strains recommended by the Center for 
Disease Control as being desirable in anti-influenza va^^ 
preferred in this invention (see FLU-IMMUNE® influenza viras 
vaccine of l^derle. Physicians Desk Referee trivalent 
purified influenza smf ace antigen vaccine conta the hemagglutinin 
protein from A/Texas/36/91, HlNl; AyBeijiiig/353/89, H3N2; and 
. B/Panama/45/90). To keep the terminology consistent^ the following 
convention is followed herein foi' describing DNA constmcts: 
"Yector name-flu strain-gene'\ llius,, a construct wherein the NP gene 
of the A/PR/8/34 strain is cloned into the expression vector VI Jneo, the 

;^iiame it is given herein is: "VlJneo-PR-NP". Naturally, as the etiologic 
.strain of the viras changes, the precise gene >yhich is pptimal f or 

vvincorporation in the pharmaceutical may change. However, as is 
demonstrated below, because cytotoxic lymphocyte responses are 
induced which are capable of protecting against heterologous strains, the 

^train variability is less critical in the novel vaccines of this invention, as 
.^compared with the whole viras or subunit polypeptide based vaccines • 

, Jn addition, because the pharmaceutical is easily manipulated to insert a • 
new gene, this.is an adjustment which is easily made by the standard 
techniques of molecular biology. - 

Because, the sequence of nucleoprotein is conserved among 
various strains of influenza, protection was achieyed against subsequent 
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challenge by a virulent strain of influenza A that was heterologous to 
the strain from, which the gene for nucleoprotein was cloned. 
Comparisons of NP from numerous strains of influenza A have shown 
no significant differences in secondary structure FM. Gammelin g/ aL, 
Virol. 170, 71, 1989] and very few changes in amino acid sequence [O 
T. Gprman et aL, J. Virol. 65, 3704, 1991 ]. Over an approximately 50 
year period, NP in human strains evolved at a rate of only 0.66 amino 
acid changes per year. Moreover, our results which show that 
A/HK/68-specific CTLs recognize target cells pulsed with the synthetic 
peptide NP(147-1 55) derived from the sequence of A/PR8/34 NP 
indicate ftat this H-2Kd-iestricted CTL epitope has remained 
functionally intact over a 34 year span (see Figure 2). It should be 
noted also that where-the gene encodes a viral surface antigen, such as 
hemagglutinin or. even neuraminidase, a significant neutmlizing 
humoral (antibody) immune response is generated in addition to the 
veiy important cytotoxic lymphocyte response. -.^ 

!? The%mi;injection of a DNA expression vector eidoding a 

eofltervfed, internal protein of influenza A resulted in the generation of 
significant protective immunity against subsequent viral challenge. In 
particular, NP-specific antibodies and primary CTLs were produced. 
NP DNA immunization resulted in decreased viral lung titers, inhibition 
of weight loss, and increased survival, cortipared to controls. The 
protective immune response was not mediated by the NP-specific 
antibodies, as demonstrated by the lack of effecf of NP antibodies alone 
(see Example 4) in combating a virus infeetioni and was thus likely due 
to NP-speeific cellular inmiunity. Moreover, significant levels of 
primary CTLs directed against NP were generated. The protection was 
against a virulent strain of influenza A that was heterologous to the 
strain from which the DNA was cloned. Additionally, the challenge 
strain aroise more than three decadeis after the A/PR/8/34 strain, 
indicating that immune responses directed against conserved proteins 
can be effective despite the antigenic shift and drift of the variable 
envelope proteins. Because each of the influenza virus gene products 
exhibit some degree of conservation, and because CTLs may be 
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generated in response to intracellular expression, and MHC processing, it 
is predictable that other influenza virus genes will giye rise ; to responses 
analogous ;to that achieved for NP. Methods for identifying 

• immunogenic epitopes are now well known in the art [see for example 

V, Shirai et at, J. Immunol JL^S: 1 657- 1 667, 1 992; Choppin et al., L 
^ Immunol 147 :575-583. 1991; Calin-Laurens, et al.. Vaccine 11:974- 
978i 1993]. Thus, many of these genes have been cloned, as shown by 

i ythe cloned . and sequenced jimctioiis iii the expression vector (see below) 

"■such that these constracts are prophylactic agents in available fomi. 

4: Therefore, this invention provides expression vectors 

encoding an influenza viral protein as an inununpgen. The invention 
offers a means to induce cross-strain protective irnmunity >yithout the' 

. need for self-replicating agents, or adjuvants. In addition* immunization 
with DNA offers a number of other advantages. First, this approach to 
vaccination should be appHcable to tumors as well as infectious agents, 
^ ^ since the CDS'*" CTL response is.important for both pathophysiological 
processes [K. Tanaka er a/., AnnU.;Rev. Jtaamunol. 6, 35? (1988)]. 
TTierefore, eliciting an inraiune, response agairist a protein, cnicial to t^^ 
transformation process may be an effective means of cancer protection 
or immunotherapy. Second, the generation Of high titer antibodies 
against expressed proteins after rajection of viral protein (NE and 
hemagglutinin) and hiunan growth hormone DNA, [see for example D*- 

y^^c. Tang e/ca/.^ 152, 1992], indicates this is a facile and 

r highly effecti^ 

: c^separatelyiPr in combination with cytotoxic T-lymphocyte vaccines 
targeted towards conserved antigens. 

The ease of producing and purifying DNA constracts 
^rcompares^favorably with traditional protein purification^ facilitating the 
■ generation of combination vaccines. Thus, multiple constructs, for 
example encoding NP, HA, Ml , PB 1 , NS1> or any other influenza virus ' 
gene may be prepared, mixed and co-administered. Finally, because 
protein expression is maintained following DNA injection et aL, 

: Circulation 82, 2217 (1990); R-R Kitsis 
(USA) 88^138 (1991); E. Hansen gf a/w^ 
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S. Jiao et at.. Hum. Gene Therapy 3, 21 (1992); J.A. Wolff et al.. 
Human Mol. Genet 1. 363 (1992)], the persistence of B- and T-cell 
memory may be enhanced [D: Gray and P. Matzinger, J. Exp. Med. 
174, 969 (1991); S. Oehen al., ibid..l76, 1273 (1 992)], thereby 
engendering long-lived humoral and cell-mediated immunity. 

The current limitations of licensed influenza vaccines 
emphasize the need for development of more effective means for 
prevention of infection and amelioration of disease. The older vaccines 
provide limited protection, are effective against only a few, selected 
strains of virus, and wane in their efficacy after a short period. Thus, 
the current vaccines must be reformulated for yearly inoculation in 
ordef to be effective. Generation of an unproved CTL response against 
internal proteins would likely provide significant long-terai, cross- . 
reactive immunity not now elicited by licensed vaccine. 

We have demonstrated protein expression from PNV 
* constructs in mice, ferrets, and non-human primates by detection of host' 
r&aime response directed against influenza antigens. Injectbn of mice 
' with DNA encoding influenza NP has resulted in increased survival, 
decreased viral lung titers and less weight loss in comparison with 
control animals following challenge witii influenza subtypes (shifted 
strains) different from, that included in the DNA constructs. We have 
also observed decreased viral shedding following challenge with shifted 
strains in fenets inoculated with DNA. These results indicate that 
protection against a major shift in infiuenzi strains is aided by a DNA 
vaccine that includes genes encoding NP. Injection vidth HA DNA 
foUowed by challenge of experimental animals with drifted viras strains 
resulted in an even more substantial decrease in virus shedding. The 
addition of the internal protein DNA slightly augmented the high degree 
of protection observed after iojection of HA DNA alone. 

The immune response to influenza DNA has been followed • 
in mice for as long as six months after injection; with persistence of 
antibodies, CTL activity, and in vivo protection. Repeat injection of . 
DNA fiirflier increased survival following chaUenge at 25 weeks with an 
influenza strain of different subtype and indicated an ability to boost 
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proteetive cell-mediated immunity. Antibody persistence has also been 
documented for at least one year following two injections of HA DNA, 
with persistence for at least nine months following a single injection of 
HA DNA in African green moiikeys, 

- The results of these animal experiments indicate that direct 
DNA injection provides an improved method for protection of humans 
against influenza infection and dit^ease. Of note, experimental protection 
by DNA -injection was achieved tiirough vaccination of unprimed mice 
and ferrets. Adult humans yaccihated with DNA will have previously 
been exposed to influenza. These persons will demonstrate an even more 
substantial immune response, possibly of increased duration, following 
inmiunization with DNA constructs. 

A range of doses is compared for immunogenicity in order 
to optinuze concentrations for use. hi small mammal experiments, as 
little as 1 ug of NP DNA induced antibody and GTL responses, 
immunizationr of lUiesus monkeys demonstrated antibody response in 2 
of 2 animals with doses^of 100 and 1CK)P iig of i|a DNA (A/PR/08/34), 
while 1 of 2 animals responded to a;single 10 ug injection. In separate 
experiments, naive African Green monkeys were injected with a 
mixture of five different DNA constructs encoding HA from three virus 
subtypes as well as DNA encoding NP and Ml from influenza A vims. 
Three of three monkeys in each group responded to vaccines which 
includedsl^^ or 100 ug of each of the five constmcts. Based on these 
findingSi^ it is predictable that dosages of 10, 50, 100, and 200 ug of 
DNA arei^efficacious in iman. 

Prevention of infection by licensed, inactivated, vaccine 
correlates with serum and mucosal antibody levels directed against HA 
but is nqt.correlated with antibody responses to internal iiifluenza 
proteins.: Tlius, HA must be included in the development of the influenza 
DNA vagcine. However, immune response to NP enhances antibody 
response to HA, and influenza intemal proteins provide a CTL response, 
cross-reactive with antigenically diverse strains of influenza. As noted 
above, animal experimentation has also indicated improved 
immunpgenicity and protection when injections included DNA 
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constructs encoding internal proteins as well as HA. Inclusion of DN A 
constructs encoding internal proteins would likely enhance the efficacy 
of the DN A vaccine in humans. Since dosage leyelsare likely to be 
dependent upon interactions of these components^ routine testing will 
allow one skilled in the art to detprmine the amount of DNA in the 
vaccine to make a mixture of HA, NP and Ml DNA constructs. Host 
response to each of these components can be measured separately, with 
comparisons of hemagglutmin inliibition (HI) titers and neutralizing 
against the HA components and CTL responses against M l and NP 
epitopes. Results are compared with antibody responses following 
injection of constmcts which express only HA. TTbese studies allow 
evaluation of the potential enhanced response to a vaccine containing 
DNA encoding HA as well as internal proteins. 

Human efficacy is shown in volimteers who receive 
influenza DNA vaccine, followed by ari intranaisal challenge in order to 
show- vaccine efficacy against similar virus strains as well asjanfluenza 
strains of different subtype. The composition,;dosage and administration 
xe^ens for the vaccine are based on the foregoing studies. Clinical 
efficacy is shown by infection rate, illness scores, and duration of 
illness. These clinical findings are compared with laboratory evaluation 
of host immune response and viral shedding in order to determine 
surrogate markers which correlat 5 with protection. 

The standard techniques of molecular biology for 
preparing and purifying DNA constructs enable^ the preparation of the 
DNA therapeutics of this invention. While standard techniques of 
molecular biology are therefore sufficient for the production of the 
products of this invention, the specific constructs disclosed herein 
provide novel therapeutics which surprisingly produce cross-strain 
protection, a result heretofore unattainable with standard inactivated 
whole vims or subunit protein vaccines. . 

The amount of expressible DNA to be introduced to a 
vaccine recipient will depend on the strength of the transcriptional and. 
translational promoters used in the DNA conshnct, and on the 
immunogenicity of the expressed gene product. In general, an 
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iinmunologically or prophylactically effective dose pf about 1 |ig to 1 
mg, and preferably about 10 jig to 300 ^gJjaMmst^dJire^^^ 
.muscle tissue. Subcutaneous injection, i^iiel^Miintio;d.action, 
impression through the skin, and other modes of administration such as 
intraperitoneal, intravenous; or 

cbritemplHed^ It is also contemplated that booster vaccinations are to be 
provided. 

The Dl<Ij^^,m^ naked, that is, unassociated with any 
rproteins, adjuvants or other agents which impact on the recipients 
immune sytem. In this case, it is desirable for the DNA to be in a 
physiologically acceptable solution, such as, but not limited to, sterile 
saline or sterile buffered saline. Alternatively, the DNA may be 
associated with liposomes, such as lecithin liposomes or other liposomes 
known in the art, as a PN A-liposome mixture, (see for example 
WO9324640) or the DNA may be associated with an adjuvant knovra in 
the art to boost inunune responses, such as a protein or other carrier. 
Agents which assist in^e cellular uptake of D^^ 

limited to , calcium ions ; yiral proteins and other transfection facilitating 
agents may also be used to advantage. These agents; are generally 
referred to as transfection facilitating agents and as phannaceutically 
acceptable carriers. As used herein, the terai gene refers to a segment 
of nucleic acid winch encodes a discrete polypeptide. The teiro 
i^hann^Lceutical, and vaccine are iised interchangeably to indicate 
\compositiGn^^^T^^^ immune responses. The terms 

vcbn3taap^^ used interchangeably. The tenn vector is 

used to indicate a DNA into which genes may be cloned for use 
according to the method of this invention. 

A. Accordingly, one embodiment of this invention is a method 
:f or using influenza virus genes to induce immune responses in vivo , in a 
vertebrate such as a mammal, including a human, which comprises: 

a) isolating the gene, 

b) Unking die gene to regulatory sequences such that the gene is 
operatively linked to control sequences which, when introduced into a 
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living tissue direct the transcription initiation and subsequent translation 
of the gene, 

c) introducing the gene into a living tissue, and 

d) optionally, boosting with additional influenza gene. 

A preferred embodiment of this invention is a method for 
protecting against heterologous strains of influenza virus. This is 
accomplished by administering an immunologically effective amount of 
a nucleic acid which encodes a conserved influenza virus epitope. For 
example, the entire influenza gene for nucleopf otein provides this 
function, and it is contemplated that coding sequences for the other 
influenza genes and portions thereof encoding conserved epitopes within 
these genes likewise provide cross-strain protection. • 

In another embodiment of this invention, the DNA vaccine 
encodes human influenza vims nucleoprotein, hemagglutinin, matrix, 
nonstructural, or pol>anerase gene product. Speciflc examples of this 

' ^embodiment are provided below wherein the hiiman influenia virus 
gehe encodes the nucleoprotein, basic polymerase 1 , nonstructural 

--prbteinl, hemagglutinin, matrix! , basicpolymeraseZ of human 
influenza vims isolate A/PR/8/34v the nucleoprotein of human influenza 
viras isolate A/Beijing/353/89, the hemagglutmin gene of human 
influenza viras isolate :A/Texas/36/9 1 , or the hemagglutinin gene of . 
human influenza vims isolate B/Panama/46/90. 

In specific embodiments of this invention, the DNA 
constraet encodes an influenza virus gene, wherein the DNA constmct is 
capable of being expressed upon introductibh into animal tissues in vivo 
and generating an immune response against the expressed product of the 
encoded influenza gene. Furthermore, combinations comprising such 
constracts with polynucleotides encoding other antigens, unrelated to 
influenza viras, are clearly contemplated by the instant invention. 
iBxamples of preferred influenza gene encoding DNA constracts 
include: 

a) pnRSV-PR-NP, 

b) Vl-PR-NP, 
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c) y ij-PR-NP, the5'endof whichis SEQ. ip:12:, 

d) VIJ-PR-PBI, the 5' end of which is SEQ. ID:13:, 

e) VIJ-PR-NS, the 5* end of which is SEQ. ID:14:, 

f) VI J-PR-H Ai the 5' end of which is SEQ. ID: 1 5 :, 

g) . V1J-PR-PB2, the 5" end of which is SEQ. ID: 16:, 
^ h) VI J-PR-Ml, the 5' end of which is SEQ. ID:17:, 

i) VlJneo-BJ-NP, the 5' end of which is SEQ. ID:20: and 

the 3' end of which is SEQ. ID:21:. 
j) VlJneo-TX-NP, the 5' end of which is SEQ. ID:24 and 

the 3' end of which is SEQ. ID:25: and 
^° k) VlJneo-PA-HA, the 5" end of which is SEQ. ID:26: and 

the 3' end of which is SEQ. ID:27: 
1) VlJns-GA-HA (A/Georgia/03/93), construct size 6.56 Kb, 

the5'endofwhichisSEQ.ID:46: and 
the 3' end of which is SEQ. ID:47:, 
m) Vl Jns-TX-HA (A/Texas/36/91), construct size.6.56 Kb, 

the 5' end of which is SEQ.ID^48: and 
the 3' end of which is SEQ. ID:49:, 
n) VlJns-PA-HA (B/Panama/45/90), construct size 6.61 Kb, 

the 5' end of which is SEQ.ID:50: and 
the 3' end of which is SEQ. ID:51:, 
o) VlJns-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb, 

. Y;r:-'^^: the 5' end of \yhich is.SEQ.ID:52: and 
the 3' end of which is SEQ. ID:53:, 
p) ... VlJns-BJ-Ml (A/Beijing/353/89)» construct size 5-62 Kb/ 

. the 5.' end of which is SEQ.ID:54: and 
the 3' end of which is SEQ. ID:55:, 
a) : VlJns-PA-lv[P (B/Panama/45/90), construct size 6.54 Kb, 
: the 5' end of which is SEQ.iD:56: and 

^ the y end of which is SEQ. ip:57:, 

r) VlJns-PA-Ml (B/Panama/45/90), construct size 5.6 1Kb, 

the 5' end of which is SEQ.ID:58: and . 
the 3" end of which is SEQ. ID:59:,. 
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The following examples are provided to further define the 
invention, without limiting the invention to the specifics of the 
examples. 
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EXAMPLE 1 

PREPARATION OF DNA CONSTRUCTS ENCODING HUMAN 
INFLUENZA VIRUS PROTEINS: 

i'^. pnRSV-PRNP: The A/PR/8/34 NP gene was isolated from pAPR- 
^ 501 [J.F. Young et aL, in The Origin of Pandemic Influenza Viruses, 
W.G. Laver, Ed. (Elsevier Science Publishing Co., Inc., 1983)] as a 
1565 base-pair EcoRI fragment, Klenow filled-in and cloned into the 
Klenow filled-in and phosphatase- treated Xbal site of pRSV-BL. pRSV- 
BL was cpnstnicted by first digesting the pBL-CAT3 (B. Liickow and 
^ ° G. Schutz, Nuc. Acids Res. 15, 5490 (1 987)] vector with Xho I and Nco 
I to remove the CAT coding sequence and Klenow filled-in and self- 
ligated. The RSV promoter jfragment was isolated as an Nde I and 
Asp718 fragment from pRshgmx [V. Gipuere et al.. Nature 330, 624 
(1987)], Klenow filled-in and cloned into the HindlQ site of tiie 
intermediate vector generated above (pBL-CAT lacking the CAT 
sequence). 

ii^ VI ^NP: The expression vector VI was constructed from pCMVIE- 
AKI-PHFR,[Y. Wharig ef a/., J. Virol. 61, 1796 (1987)]. The AKl and 

^ ° DHFR genes were removed by cutting the vector with EcoR 1 and self- 
ligating. This vector does not contain intron A in the CMV promoter, 
so it was added as a PGR fragment that had a deleted internal Sac I site 
[at 1855 as numbered in B.S. Chapman e t aL, Nuc. Acids Res. 19, 3979 
(1 991)]. The template used for the PGR reactions was pCMVintA-Lux, 

" made by ligating the Hind IH and Nhe I fragment from pCMV6al20 
[see B.S. Chapman a/., iWd.,] which includes hCMV-IEl 
enhancer/promoter and intron A, into the Hind m and Xba I sites of 
pBL3 to generate pCMVIntBL. The 1881 base pair luciferase gene 
fragment (Hind lU-Sma I Klenow filled-in) from RSV-Lux FJ.R. de Wet ' 

^° et aL, Mol. Cell Biol. 7, 725, 1987] was cloned into the Sal I site of 
pCMVIntBL, which was Klenow filled-in and phosphatase treated. 



The primers that spanned intron A are: 
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5" primer, SEQ. ID:5: 

5'-CTATATAAGCAGAG CTCGTTTAG-3'. 
The 3' primer. SEQ ID:6: 

5'-GTAGCAAAGATCTAAGGACGGTGA CTGGAG-3'. 

The primers used to remove the Sac I site are: 
sense primer, SEQ ID:7: 

5-GTATGTGTCTGAAAATGAGCQ1GGAGATTGGGCTCGCAC-3' 
and the antisense primer, SEQ ID:8: 

^- ■ 5'- ^ ■;. . ■ . ■. . V ■ 

- GTGCGAGCCCAATCTCCACGCTCATTTTGAGACACA TAC-3\ 

The PCR fragment was cut vdth Sac I arid Bgl II and inserted into 
the Vector which had been cut with the same enzjTnes. The NP gene 
from Influeiiza A (A/PR/8/34) was cut out of pAPRSOl T J.P. Young et 
al., in The Origin of Pandemic Influenza Wrwjcj, W.G. Lapr, Ed. 
2t(EIsevier Science Publishing Co., Inc., 1983)] as a 1565 Isa^air EcoR 
' '"1 fragment and blunted. It was inserted into VI at tiie blunted Bgl H 
site, to make VI -NP. Plasmids were propagated in E. coli a nd purified 
by the alkaline lysis method [J. Sambrook, E.F. Fritsch, and T. 
Maniatis, in Molecular- Cloning, A Laboratory Manual, secdrid edition 
(Cold Spring Harbor Laboratory Press, 1 989)].^ CsCl banded DNA was 
ethanol precipitated and resuspended in 0.9% saline at 2mg/ml for 
injection. 

EXAMPLE 2 

ASSAY FO R HUMAN INFLUENZA VIRUS CYTOTOXTC T- 
LYMPHOCYTPS' 

3 0 Cytotoxic T lymphocytes were generated from mice that had been ' 

immunized with DNA or diat had recovered froiri infection with 
A/HK/68. Control cultures were derived from mice that had been 
injected with control DNA and from uninjected mice. Single cell 
suspensions were prepared, red blood cells were removed by lysis with 
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ammonium, chloride, and spleen cells were cultured in RPMl 1640 
supplemented with 10% Fetal Bovine Serum (FBS), 100 U/ml penicillin, 
, 100 ^g/ml streptomycin, 0.01 M HEPES (pH 7.5), and 2 mM 1- 

glutamine. An equal number of autologous, irradiated stimulator cells, 
pulsed for 60 min. with the H-2Kd-restricted peptide epitope NP 147- 
V 155 (Thr Tyr Gin Arg Thr Arg Ala Leu Val, SEQ ID:9:) at 10 M-M or 
infected with influenza A/PR8/34 (HlNl), and 10 U/ml recombinant - 
' human IL-2 (Cellular Products, Buffalo, NY) were added and cultures 
■ were maintained for 7 days at 3T'C with 5% C02 and 100% relative 
humidity. In selected experiments, rhIL-2 ( 20 U/ml) and Con A (2 
\° |Xg/ml) Ayere added in place of autologous stimulator cells. Cytotoxic T 
cell effector activity was determined with P815 cells labeled for 3 hr 
with 60 |iCi of 51cr per 106 cells, and pulsed as above with. NP147t 
1 55, or infected with influenza AA^ictoria/73 (H3N2). Control targets 
(labeled P8 1 5 cells without peptide or virus) were not lysed. Targets 
were plated at 1 X 104.cells/vvell ;in round-bottomed 96-well plates and 
incubated with effectors for 4 hours in triplicate^ Supernatant (30 \xl) 
was removed from each well and counted in a Betaplate scintillation 
counter (LKB-Wallac, Turku, Finland). Maximal counts, released by 
addition of 6M HGl, and spontaneous counts released without CTL were 
determined for each target preparation- Percent specific lysis was 
calculated as: [(experimental - spontaneous)/(maximal r spontaneous)] X 

100..... 'j,; . -v " . , ,. - 

EXAMPLES 

PRODUCTTQN OF NP SPECIFIC CTLs AND ANTTOODIES IN 
VIVO! . 

BALB/c mice were injected^ the cjuadricepis of both legs with plasnaid 
cDN A encoding A/PR/8/34 nucleoprpteiri driven by ei&er a Rous 
sarcoma virus or cytomegalovirus promoter. 

Expression vectors used were: 
1^ pnRSV-PRNP. see Example 1 : 
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ii) VI -NP . see Example, 1 . 

Animals used were female BALB/c mice, obtained from Charles River 
Laboratories, Raleigh, NC. Mice were obtained at 4-5 weeks of age and 
were initially injected with DNA at 5-6 weeks of age. Unless otherwise 
noted, injections of DN A were administered into the quadriceps muscles 
of both legs, with each leg receiving 50 |il of sterile saline containing 
lOO jxg of DNA. Mice received 1 , 2 or 3 sets of inoculations at 3 week 
intervals. Negative control animals were uninjected or injected with the 
appropriate blank vector lacking the inserted NP gene. 

The presence or absence of NP plasmid DNA in the muscles of 
selected animals was analyzed by PGR (Fig. 1). Plasmid DNA (either 
NP or luciferase DNA) was detected in 44 of 48 injected muscles tested. 
In mice injected with luciferase DNA, protein expression was 
demonstrated by luciferase activity recovered in muscle extracts 
according to melhods known in the art [J .A. Wolff et ahi Science 247, 
l#i5 (1990); G. Ascadi et al.. Nature 352, 815 (1991); H. liin et al, 
G^tilation 82, 2217 (1990); R.N. Kitsis al., Proc. Natl. Acad. Sci. 
(USA) 88, 4138 (1991); E. Hansen et al, FEES Lett. 290, 73 (1991); 
S. Jisio etai.. Hum. Gene Therapy 3, 21 (1992); J.A. Wolff e/ a/., 
Hmnan Mol. GeheL 1,363 (1992)]. 

NP expression in muscles after injection of NP DNA was below 
the limit of detection for Western blot analysis (< 1 ng) but was 
indicated by the production of NP -specific antibodies (see Fig. 2). For 
analysis of NP-specific CTL generation, spleens were removed 1-4 
weeks following inimuiiization, and spleen cells were restiintilated with 
recombinant human IL-2 plus autologous spleen cells that had been 
either infected with influenza A (A/PR/8/34) or pulsed with the H-2Kd- 
restricted nucleoprotein peptide epitope (NP residues 147-155, see G.K. 
Rotzscke et al.. Nature 34^252 (1990)). Spleen cells restimulated with* 
virally-infected or with epitope-pulsed syngeneic cells were capable of 
killing nucleoprotein epitope-pulsed target cells (Fig. 3A). This 
indicates that i.m. injection of NP DNA generated the appropriate NP- 
derived peptide in association with MHC class I for induction of the 
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' specific CTL response. These CTLs were capable of recognizing and 
lysing virally infected target cells, (Fig 3B), or target cells pulsed with 

..^ the H-2Kd^restricted nucleoprotein peptide epitope and viral ly-infected 
target cells. This demonstrates their specificity as well as their ability to 
detect the epitope generated naturally in infected cells. 
^ A more stringent measure of immunogenicity of the NP DNA 

vaccine Was the evaluation of the primary CTL response. Spleen cells 
taken from ^fP DNA-injected mice were activated by exposure to Con A 
aiid IL-2, but did not undergo in vitro restimulation with antigen- 

i expressing cells prior to testing tlieir ability to kill appropriate targets. 
Splenocytes frOiii rriice immunized with NP DNA, when activated with 
Con A and BL^2 in vitro without antigen-specific restimulation, lysed 
both epitope-pulsed and yirally-infected target cells (Fig^ 3C and D). 
This lytic activity of both the restimulated and activated spleen cells 
compares favorably with that of similarly treated splenocytes derived 
from mice that had :feeen previously infected with influenza A/HK/6S, a 
virulent mouseradaptedfH3N2^ strain ithat arose 34 years after A/PR/8/34 
(HlNl). Thus, injection of l^ DNA generated CnX that^ w 
- for the nucleoprotein epitope and that were capable of identifying the . 
naturally processed antigen (tie., coiild kill viraUy-infected cells). NP 
^° CIL have also been generated in C3H and B6 transgeru 
expressing huncian HLA-A2. 

,> NP GTL have been detected in spleens of BALB/ c mice 

' injeetedwitii as little as 1 dose of 1~ |xg NP DNA (the lowest dose 

I tested) (Table 3-IV): 

,..25 ■ 



'30 
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Table 3-IV 



CTL Responses in Mice After a Single Injection of NP DNA 



inoculum 


dose (iiq) 


% specific 
lySis 


sd 


NPDNA 


400 


52.5 


10 7 




400 


80.4 


1.0.3 


NP DNA 


200 


75.6 


5.4 




200 


44.6 


4.4 


NPDNA 


100 


76.7 


2.9 




100 


35.6 


8.9 


NP DNA 


50 


62.9 


0.6 




50 


76.7 


. 7.4 


: ^ NP DNA 


10 


83.2 


10-1:,. 




10 


37.7 




^ NPDNA 


1 


44.2 


0.3" 




1 


13 


2 


Control DNA 


1 00 


4.9 


1 


Flu 




79.3 


8.3 



Table 3-rIV: Female B ALB/c mice (4-6 weeks) were iiyected.with a 
single dpse of A/PR/34 NP DNA (VIJNP) or control DNA (VI J) at the 
indicated doses. For comparison, mice were infected with influenza 
vims A/PR/34. CTL were obtained after 8 weeks, restimulated in vitro 
with NP peptide-pulsed syngeneic spleen cells, and assayed against NP 
peptide-pulsed P815 ceUs at an effectontarget ratio of 50:1 . Data is 
represented as % specific lysis for repriesentative individual mice. 

FoUowup experiments have shown that mice receiving 1 dose of 1 
lag NP DNA maintained NP CTL for at least 4.5 months Qatest 
time point tested). The magnitude of the CTL responses after. 
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10 



15 



20 



25 



30 
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DNA injection were comparable to that in influenza-infected 
mice. However, it should be noted that analysis of CTL after 
antigen restimulatioit in vitro is not strictiy quantitative. 
Therefore, we are currently developing limiting dilution assays to 
more quantitatively assess the levels of NP-spedfic GTL in mice. 
In mice that were injected with 3 doses of 100 jig NP DNA, CTL 
responses have been detected at least 6 months after 
immunization (Figure 19). Therefore, an influenza FNV has the 
potential to generate long-lived CTL responses directed toward 
conserved influenza antigensw 

Injection of mice with NP DNA resulted iii the production of high 
titer ariti-NP IgG antibodies (Fig. 2). • Generation of high titer IgG 
antibodies in mice is thought to require CD4+ T cell help (P. Vieira and 
K. Rajewsky, InL lmmunoli 2, 487 (1990); J; J. Donnelly e/ a/., J. 
Immunol. 145, 3071 (1990)). this shows thatNP expressed from the 
plasmid in situ was processed for-presentation by both MHO class I and 
class n. 

EXAMPLE 4 

PROTECTION OF MICE UPON CHALLENGE WITH VIRULENT 
HUMAN INFLUENZA VIRUS: 

; The rble of NP antibodies in protective inm to iiifluenza.is 
^ shown by two approaches: First; viral lung titers were determined in a 
passive-lransfer experiment FemaleBALB/c mice >10 weeks of age 
were injected^ intrape^^^^ with 0.5 ml of pooled seruni (diluted in 

2.0 ml of PBS) ftom mice that had been injected 3 times with 200 |xg of 
NP DNA. Control mice weire injected with an equal volume of pooled 
normal mouse serum; or with pooled serum from mice that had , ^ 
recovered from infection with A/HK/68, also in 2.0 ml of PBS. The 
dose of A/HK/68 immune serum was adjusted such that the ELISA titer 
of anti-NP antibody was equal to that in the pooled serum from NP " 
DNA-injected mice. Mice were challenged unanesthetized in a blinded 
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fashion with 104 TCID50 of A/HK/68 2 hours after serum injection, 
and a further injection of an equal amount of serum was given 3 days 
later. Mice were sacrificed 6 and 7 days after infection and viral lung 
titers in TCID50 per ml were determined as described by Moran [J. 
Immunol. 146, 321, 1991]. 

Naive mice were infused with anti-NP antiserum, obtained from 
mice that were injected with NP DNA, and then challenged with 
A/HK/68 . Viral challenges were performed witii a mouse-adapted 
strain of A/HK/68 and maintained subsequently by mjyivfi passage in 
mice (Dr. h Mbawuike, personal communication). The viral seed stock 
used was a homogenate of lungs from infected mice and had an 
infectivity titer of 5 x IO8 TCID50/ml on MDCK cdls. For viral lung 
titer determinations and weight loss studies, viral challenges were 
performed in blinded fashion by intranasal instillation of 20 |ll1 
containing lO^ TCID50 onto the nares of unanesthetized mice, which 
leads to progressive infection of the lungs v/ith virus but is #^t lethal in 
RALB/c riiice [Yette;r, R.A. et al., Infect, Imnmnity 29, 65#1980], In 
survival experiments, mice were challenged by instillation of 20 \il 
containing 102-5 TGID50 onto the nares xmder full anesthesia with 
ketamine and xylazine; infection of anesthetized mice with this dose 
causes a rapid lung infection which is lethal to 90-100% of 
jionimmunized mice [J.L; Schulman and E.D. Kilbourae, J. Exp. Med. 
118, 257, 1963; G.H: Scott and R J. Sydiskis, Infect- Immunity 14, 696, 
1976; R.A. Yetter era/.. Infect. Immunity 29, 654, 1980]. Viral lung 
titers were determined by serial titration on MDCK cells (obtained from 
ATCC, Rockville, MD) in 96-well plates as described by Moran et al 
[ibid.]. 

No reduction in viral lung titers was seen in mice that had 
received anti-NP antiserum (63 ± 0.2; mean ± SEM; n=4) as compared 
to control imc6 tiiat had received normal seram (6.1 ± 0,3; mean ± 
SEM; n=4). As a positive control, serum was collected from mice that 
had been infected with A/HK/68 and passively transferred to foiu- naive 
mice. After a challenge with A/HK/68, no viral infection was detectable 
in their limgs, indicating that this semm against whole virus was 
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completely protective for challenge with the homologous vims. Second, 
^ naive mice were immunized with purified NP (5 iig/leg* 3 times over a 
period of 6vweeks) by i.m. injection. These mice generated high titer 
t NP-specific antibodies but failed to produce NP-specific CTLs and were 
not protected from a lethal dose of virus. Therefore, unlike the 
^ neutralizing effect of antibodies to whole virus, circulating ann-NP IgG 
did not confer protective immunity to the mice, 
- The in vivo protective efficacy of NP DNA injections was 

/ evaluated to determine whether a cell-mediated immune response was 
s. functionally^ significant. One dire ct measure of titie effectiveness of the 
^ ° immune response was the ability bf mice first imnnmized with NP DNA 
, , to clear a progressive, sublethal limg infection v^th a heterologous 
stnun of influenza (A/HK/68; H3N2). .. Viral challenges^ w^ 
as described above. Mice immunized with NP DNA had viral lung 
titers after challenge that were three orders of magnitude lower on day 
^ ^ 7 (1 .0 ± 1 .0; mean ± :SEM; n=4} than those of control nuce that had not 
been imniunizedi (4.1 ± 0.3; mean i SEM; ^ that had been 

immunized with blank vector (4.5 ± 0.0; mean ± SEM; n=4). In fact, 
three of four immunized mice had undetectable levels of virus in their 
lungs^ while none of the controls had cleared virus at this point. The 
substantial difference in the viral lung titers seeix in this experiment and 
six others demonstrates that the immune response accelerated clearance 
Ji^Tc^ ITie lack of protective effect of the blank^^y^ 

confirms that DNA per se was not responsible for the immiine^re 
; Moreover, because the challenge strain of virus, A/HK/68 (a viralent, 
mouse-adapted H3N2 strain), was heterologous to the strain A/PR8/34 
(HlNl) from which the NP gene w£ls cloned, the immunity was clearly 
heterotypic. 

As a measure of virus-induced morbidity, the mass loss was 
monitored in mice that were infected sublethally with influenza 
A/HK/68 following immunization with NP DN A (Fig. 4). Uninjected 
mice or mice injected \yith the blank vector were used as controls. Mice 
inmiunized with NP DNA exhibited less weight loss and a more rapid 
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return to their pre-challenge weights following influenza A infection 
compared to control mice. 

Intranasal infection of fully anesthetized mice with influenza A 
causes rapid widespread viral replication in the lung and death in 6-8 

^ days if the infection is not controlled (R.A. Yetter et al.. Infect 

Immunity 29, 654 (198G)). Survival of mice challenged by this method 
reflects their ability to limit the severity of an acute lung infection. The 
capacity of mice to survive challenge with two different strains of 
influenza, A/HK/68 (see Fig. 5) and A/PR/8/34, was stodied. Mice 

^ ^ previously immunized with NP DNA showed a 90% survival rate 

compared to 0% in blank vector injected and 20% in uninjected control 
animals (Fig. 5). In a total of 14 such studies, mice immunized with NP 
DNA showed at least a 50% greater survival rate than controls, Thus, 
die ability of the NP DNA-induced immune response to effectively 

^ ^ accelerate recovery and decrease disease caused by a vims of a different 
- Strain arising 34 years later supports the rationale of tzu-geting; a 
conserved protein for tiie generation of a cytotoxic T-lymphocyte 
response. 

20 EXAMPT.K 5 

ISOLATIO N OF GENF.S FROM D^TFLUENZA VIRUS ISOLATES: 

Many of the older influenza viras strains are on deposit with tiie 
ATCe: (fee 1 990 Catalogue of Animal Viruses & Antisera, Chlamydiae 
& Rickettsiae, 6th edition, lists 20 influenza A strains and 14 influenza 
B. straitts. . . 

A. Viral Strains and Purificarinn ! 

Influenza Strains which comprise the current, 1992 flu season 
^ ^ vaccine were obtained from Dr. Nancy J. Cox at the Division of Viral 
and Rickettsial Diseases, Centers of Disease Control, Atlanta, GA. 
These strains are: (1) A/Beijing/353/89 (H3N2); (2) A/rexas/36/91 
(HlNl); (3) B/Panama/45/90; and (4) A/Georgia/03/93. 




i 
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AIl of these viruses were grown by passage in 9- to 1 1 -day-old 
embryonated chicken eggs (except A/Georgia which was grown in 
MDCK cells), (100-200 per viral preparation) and purified by a 
modification of the method described by Massicot et ah (Virology 101 , 
242-249 (1980)). In brief, virus suspensions were clarified by 
centrifugatioii at 8000 rpm (Sorvall RC5C centrifuge, GS-3 rotor) and 
then pelleted by centrifugation at j 8,000 ipm for 2 h in a Beckman 
Type 19 rotor. The pelleted virus was resuspended in STE (0.1 M 
NaCl, 20 mM Tris, pH 7.4, 1 mM EDTA) and centrifuged at 4,000 rpm 
for 10 min (Hermle Z 360 K centrifuge) to remove aggregates. 2 ml of 
supernatant was layered onto a discontinuous sucrose gradient consisting 
of 2 ml of 60% sucrose overlayed with 7 ml of 30% sucrose buffered 
with STE and centrifuged at 36,000 rpm (SW-40 rotor, Beckman) for 
90 minutes. Banded virus was collected at the interface, diluted 10-fold 
with STB, and pelleted at 30,000 rpm for 2 h (Beckman Ti45 rotor)., 
The pelleted viras was then frozen at -70OC. ''^^ 

# Extraction of Viral RNA and cDNA Svnthesis : 

Viral RNA was purified from frozen vims by guanidinium 
ispthiocyanate extraction using a commercially available kit (Stratagene, 
La Jolla^ CA) employing the method of Chomczynski and Sacchi (Anal. 
Biochem. 162, 156-159 (1987)). Double-stranded cDNA was prepared 
from viral RNA using a commercially available cDNA synthesis kit 
(Pharmacia) as directed by the manufacturers with several 
modifications. The first strand of cDNA was primed using a synthetic 
oligodeoxyribonucleotide, 5'-AGCAAAAGCAGG-3', SEQ. ID:30:, 
which is complementary to a conserved sequence located at the 3'- 
tenninus of the viral RNA for all A strain genes. This sequence is 
common to all type A influenza viral RNAs and therefore provides a 
method for cloning any A strain influenza vims gene. After synthesis 
of first and second strands of cDNA the reactions were extracted with 
phenol/chloroform and ethanol precipitated rather than continuing v/ith 
the kit directions. These blunt-ended cDNA's were then directly ligated 
into the VlJneo or VlJns vector which had been digested vdth the BglH 
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restriction enzyme, biunt-ended with T4 DNA polyinerase, and treated 
with calf intestinal alkaline phosphatase. 

To screen for particular full-length viral genes we use^^ 
oligodeoxyribonucleotides which were designed to complement the 3'- 
teiminus.of the end of the translational open reading frame of a given 
^ viral gene. Samples which appeared to represent full-length genes by 
restriction mapping and size determination on agarose electrophoresis 
gels were verified by dideoxynucleotide sequencing of both junctions of 
the viral gene with VI Jneo. The sequence junctions for each gene 
cloned froni these viiTises is given below in Exaniple 8. , 

Sicndlar sitiutegies were used for cloning cDNA's froiii^ 
viruses named above except that for B/Panama/45/90, which does not 
have common sequences at each end of viral RNA, a mixture of 
oligodeoxyribonucleotides were used to prime first strand cDNA 
synthesis. , These primers were: 

(1) 5'-AGCAGAAGCGGAGC-3', SEQ. ID:31: for PBl and PB2; 

(2) 5'-AGCAQAAGCAGAGCA-3', SEQ. ID:1 9: for NS and HA; 

(3) 5'-AGCAGAAGCACGeAG-3VSEQ.ID:22s for M; and . 

(4) 5'-AGCAGAAGCACAGCA-3', SEQ. ID:23: for NP. 

For genes that were cloned by PGR, the blunt-ended cDNA 
solution was used directiy in PGR reactions as the DNA temiplate. The 
primers use^ for cloning the 6 influenza genes obtained by PGR are as 
follows: - 

1. HA gene from A/Geor^a/03/93 
sense primer: SEQ.ID:33: ^ 

5' GGT ACA AGC ATG AAG AGT ATG ATT GCT TTG AGG 3' 

anti-sense primer: SEQ.ID:34: 
^° 5' GCA CAT AGATGT TGA AATGGA AAT GTT GCA GCT AAT G 

■ 3' " . 
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2. HA gene from A/Tex as/36/91 
sense primer: SEQ.ID:35: 

5' GOT ACA ACC ATG AAA GCA AAA CTA CTA GTC CTG TTA 
TO 3 ' 

^ anti -sense primer: SEQ.ID:36: 

5' CCA CAT TCA GAT GCA TAT TCT ACA CTG CAA AG 3* 

3. HA gene from B/Panama/45/90 
sense primer: SEQ ID:37: 

5' GGT ACA ACC ATG AAG GCA ATA ATT GTA CTA CTC ATG 
anti-sense primer: SEQiID:38: 

5" CCA CAT TTA TAG ACA GAT GGA GCA AGA AAC ATT GTC 

4. Ml gene from A/Beiiing/353/89 a^i 
sense primer: SEQ.ID:39: 

5' GGT ACA AGA TCT ACC ATG CTT CTA ACC GAG GTC 3' 
anti -sense primer: SEQ.ID:40: 

5' CCA CAT AGA TCT TCA CTT GAA CCG TTG CAT CTG CAC 3 

2^ 5. NP gene from B/Panama/45/9 n 
sense primer: SEQ.ID:41: 

5' GGT ACA GGA TCC ACC ATG TCC AAC ATG GAT ATT GAC 
GGC 3* 

anti-sense primer: SEQ.ID:42: 
^° 5' CCA CAT GGA TCC TTA ATA ATC GAG GTC ATC ATA ATC 

CTC y 
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6. Ml gene from B/Panama/45/90 
sense primer: SEQ.ID:43: 

5' GGT ACA GGA TCC ACC ATG TCG CTG TTT GGA GAG ACA 
ATTGCC3' 

anti-sense primer: SEQ.ID:44: 

5' CCA CAT GGA TCC TTA TAG GTA TTT CTT CAC AAG AGC 
TG 3' 

Allinfluenza gene clones^ whether cDNA or PCR generated, 
were verified by sequencing through the ligation sites into the gene and 
expressing the gene in transfected Rp cells. Expression was detected by 
immunoblot. 

The MP and M 1 constructs for the A/H3N2 strain (vectors 4 and 
5) were made from the A/Beijing053/89 genes. Tliese genes were 
chosen because of the expected high degree of conservation of both NP 
and Ml genes and because of their availablilty. 

From the foregoing work, a particularly preferred group of 7 
expression vectors that are combined to form a vaccine include: 





1. 


VI Jns-HA TA/Georgia/03/93) 


6.56 Kb 






VlJns-HA (A/rexas/36/91) 


6.56 Kb 


25 


3. 


VlJns-HA (B/Panama/45/90) 


6.61 Kb 




4. 


VlJns-NP (A/Beijmg/353/89) 


6.42 Kb 


■30 


■ -5. 


VlJns-Ml (A/Beijing/353/89) 


5.62 Kb 




6. 


VlJns-NP (B/Panama/45/90) 


6.54 Kb 



7. 



VlJns-Ml (B/Panama/45/90) 



5.61 Kb. 
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The relevant sequences for junctions of these genes in the 
expression vectors are provided below. Only small portions of the 
constructs need be sequenced to confirm that the correct gene has been 
cloned. By comparison with similar known genes, it is easy to confirm 
that the given gene is an NP gene, an HA gene, an Ml gene etc. For 
example, the AyTexas HA gene sequence is very similar to the HA gene 
sequence of A/Kiev/59/79, the sequence of which is available in 
GENBANK as accession number M38353, Likewise for the B/Panama 
HA sequence, which is very similar to the B/EngIand/222/82 HA 
sequence which is available on GENBANK as accession number 
M18384. In like manner, the identity of any cloned sequence for a 
given gene from any human influenza vims may be confirmed. In each 
case below, both a 5' sequence and a 3' sequence was confirmed to 
ensure that the entire gene was present. In each case, the bolded ATG 
t shows the start codon for the influenza gene, while bolded sigquence in 
the 3* portion is the stop codon: 

1. VlJns-HA (A/Georgia/03/93) 6.56 Kb: . 

5V.Sequence: fSEO.ID:46!^ 

...TCA CCG TCC TTA GAT C/GG TAG AAC CAT G AA GAG 
TAT CAT TGC TTT GAG CTA GAT TTT ATG TGT GGT 
TTTCGC.... 



3' Sequence: fSEO.TDr47r^ 

...TCA TGC TTT TTG CTT TGT GTT GTT TTG CTG GGG TTC 
ATG ATG TGG GCC TGC CAA AAA GGC AAC ATT AGG TGC 
AAC ATT TGC ATT TGA A/GA TCT ATG TGG GAT CTG CTG 
TGC,:. ; 

2. VlJns-HA (A/rexas/36/91) 6.56 Kb: 



5' Sequence: fSEO.ID!48r^ 
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... TTA GAT C/GG A AC ATG AAA GCA AAA CTA CTA GTC CTG 
TTA TGT GGA TTT ACA GCT ACA TAT GCA .... 

3' Sequence: (SEO.ID:49:) 
t :..CTG GTG CTT TTG GTC TCC CTG GGG GCA ATC AGC TTC 
^ TGG ATG TGT TCT AAT GGG TCT TTG CAG TGT AGA ATA 

TGC ATC TO A ATG TGG /GAT CTG CTG TGC CTT.... 

3. yiJns-HA (B/Paiiama/45/90) 6.61 Kb: 

^° 5' Sequence: fSEO.ID:50:V 

...CCT TAG ATC/ GGT ACA ACC ATG AAG GCA ATA ATT GTA 
CTA CTC ATG GTA GTA ACA TCC AAG GGA GAT CGA ATC 
TGC ACT GGG ATA AGA TCT TCA AAC TGA CCT CAT GTG.-. 

3' Sequence: (•SEOJD:51:V _ 

...TTG GGT GTA ACA TTG ATG ATA GCT ATT TTT ATT 
GTT TAT ATG GTC TCC AGA GAG AAT GTT TCT TGC 
TCC ATC TGT CTA TAA ATG TGG /GAT CTG CTG TGC 



4. VlJiis-NP (A/BeijmgA353/89) 6.42 Kb 
5' Sequence: (SEO.ID:52:^ 

...GTC err AGA TC/C ACC ATG GGG TCC CAA GGC ACC AAA 
CGG TCT TAT GAA CAG ATG GAA ACT GAT GGG GAA CGC 
CAG AAT^GCA ACT ... 

3' Sequence: rSEO.ID:53:y 

...GAA AAG GCA ACG AAC CCG ATC GTG GCC TCT TTT GAC 
ATG AGT AAT GAA GGA TCT TAT TTG TTG GGA GAC AAT - 
GCA GAA GAG TAG GAC AAT TAA G/GA TCT GCT GTG GCT... 
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5. VlJns-Ml (A/Beijmg/353/89) 5.62 Kb 
5' Sequence! r5>EO.TD:54:> 

...CTT AGA TC/C AGA TCT ACC ATG AGT CtT CTA ACC GAG 
Gf C GAA AGG TAT GTT CTC TCT ATC GTT CCA TCA GGC CCC 
^ CTC AAA GCC GAA ATC GCG CAG AGA CTT GAA GAT GTC 
TTT GCT GGG AAA AAC ACA.GAT... 

3' Sequence: (SEO.ID:55:> 

GGG ACT CAT CCT AGC TCC AGT ACT GGT CTA AAA GAT 
^° GAT GTT CTT GAA AATTTG CAG ACC TAT CAG AAA GGA 
ATG GGG GTG CAG ATG CAJ). CGG TTC AAG TGA AGA TCT 
ATG TGG/ GAT CTG CTG TGC CTT... 

6. VUns-NP (B/Panama/45/90) 6.54 Kb 
S^equence: fSEO.Ti:>:56:'> , ; 

*.jerr AGA tc/c acc atg tcc aac atg gat ait gac ggt 

ATC AAC ACT GGG ACA ATT GAC AAA ACA CCG GAA GAA 

ATA ACT TCT... 

20 - 

3' Sequence: (SEO.ID:57:> 

...GTT GAA ATT CCA ATT AAG CAG ACC ATC CCC AAT TTC 
TTC TTT GGG AGG GAC ACA GCA GAG GAT TAT GAT GAC 
CTC GAT TAT TAA G/GA TCT GCT GTG... 

25 . ■ 

7. VlJns-Ml (B/Paiiama/45/SO) 5.61Kb. 
5' Sequencer (SEO.ID!5R:'> 

...CTT AGA TC/C ACC ATG TCG CTG TTT GGA GAC ACA ATT 
GCC TAG CTG CTT TCA TTQ ACA GAA GAT GGA GAA GGC 
AAA GCA GAA CTA GCA GAA AAA TTA ... 



3' Sequencer fSKO TD-^Q-^ 
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„.AG A TCT CTT GGG GCA AGT CAA GAG AAT GGG GAA GG A 
ATT GCA AAG GAT GTG ATG GAA GTG CTA AAG GAG AGC 
TCT ATG GGA AAT TCA GCT CTT GTG AAG AAA TAC CTA 
TAA G/GA TCT GCT GTG... 



EXAMPLE 6 

VI j EXPRESSION VECTOR, SEO> ID: 10: 

Our purpose in creating VIJ was to remove the promoter and 
transcription termination elements from our vector, Vl , in order to 
place them within a more defined context, create a more compact 
vector, and to improve plasmid purification yields. 

VIJ is derived from vectors VI, (see Example 1) and pUC18, a 
conraiercially available plasmid. VI was digested with Sspl and BcoRI 
restriction enzymes producing two fragments of DNA. The smaller of 
these fragments* containing theiCMMintA prornpfcfcand Bovine Grov/th 
Hormone (BGH) transcription terinination elements which control the 
expression of heterologous genes (SEQ ID:i l :), was purified from an 
agarose electrophoresis gel. The ends of this DN A fragment Were then 
* "blujited" using the T4jbNA polymerase enzyme in order to facilitate 

its ligation to another "blunt-ended" DNA fragment 
i pUCl^ was chosen to provide the "backbone" of the expression 

i vector. It isy known to produce high yields of plasmid, is well- 
v characterizetji by sequence and function, and is of niinimiun size. We 
^ removed the entire lac operon from this vector, which was unnecessary 
for our purposes and may be detrimental to plasmid yields and 
heterologous gene expression, by partial digestion with the HaeEL 
restriction enzyme. The remaining plasmid was purified from an . 
1, agarose electrophoresis gel, blunt-ended with the T4 DNA polymerase , 
^ treated with calf intestinal alkaline phosphatase, and ligated to the 

CMVintA/BGH element described above. Plasmids exhibiting either of 
two possible orientations of the promoter elements within the pUC 
backbone were obtained. One of these plasmids gave much higher 
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yields of DNA in E. coli and was designated VI J (SEQ. ID:10:). This 
vector's structure was verified by sequence analysis of the junction 
regions and was subsequently demonstrated to give comparable or 
higher expression of heterologous genes compared with VI. 





25 



■ 1 



30 
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EXAMPLE 7 

INFLUENZA VIRUS GENE CONSTRUCTS IN EXPRESSION 
VECTOR VI J: _ 

Many of the genes from the A/PR/8/34 strain of influenza virus 
were cloned into the expression vector VIJ, which, as noted in Example 
4, gives rise to expression at levels as high or higher than in the VI 
vecton The PR8 gene sequences are known and available in the 
GENBANK database. For each of the genes cloned below, the size of 
the fragment cloned was checked by sizing gel, and the GENBANK 
accession number against which partial sequence was compared are 
provided. For a method of obtaining these gefaes from virus strains, for 
example from vims obtained from the ATCC (A/PR/8/34 is ATCC VR- 
95; many other strains are also on deposit with the ATCC), see Example 

A . Subclonin g the PR8 Genes into VIJ: 

1 • NP gene 

The NP gene was subcloned from pAPRSOl (J.F. Young, 
U. Desselberber, P. Graves, P. Palese, A. Shatzman, and M, Rosenberg 
(1983), in The Origins of Pandemic hfluenza Viruses, ed. W.G. Laver, 
(Elsevier, Amsterdam) pp-129-138r)i It was excised by cutting 
pAPRSOl with EcoRI, the fragment gel purified, and blunted with T4 
DNA Polymerase. The blunted fnigmieht was inserted into VIJ cut vnth 
Bgl n and also blimted with T4 DNA Polymerase. The cloned fragment 
was L6 kilobases long. 
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2. m 

The NS gene was subcloned from pAPR801 (J.F. Young, 
U. Desselberber, P. Graves, P. Palese, A. Shatzman, and M. Rosenberg 
(1983), in The Origins of Pandemic Influenza Viruse?;. ed. W.G. Laver, 
(Elsevier, Amsterdam) pp. 129- 138). It was excised by cutting 
pAPRSOl with EcoRI, the fragment gel purified, and blunted with T4 
DNA Polymerase. The blunted ^gment was inserted into VI J cut with 
Bgl n and also blunted with T4 DNA Polymerase. The cloned fragment 
was 0.9 kilobases long (the complete NS coding region including NSI 
andNS2). 

3. HA 

The HA gene was subcloned from pJZ102 (J.F. Young, U. 
Desselberber, P. Graves, P. Palese, A. Shatzman, and M. Rl^enberg 
M^83>. in The Ori^s of Pandemic Influenza Viruses. ed^%.G. Laver. 
(Elsevier, Amsterdam) pp.l2?-138). It was excised by cutting pJZ102 
with Hind m, the fragment gel purified, and blunted with T4 DNA 
Polymerase. The blunted fragment was inserted into VIJ cut with Bgl 
n and also blimted with T4 DNA Polymerise. The cloned fragment 
was 1.75 kilobases long. 

4. -.^ PBi \ , 

The PB 1 gene was subcloned from pGeml -PB 1 (The 5' and 
3' junctions of the genes with the vector were sequenced to verify their 
identity. See J.F. Young, U. Desselberber, P. Graves, P. Palese, A. 
Shatzman, and M. Rosenberg (1983). in The Oripns of Pandemic 
Influenza Vinises. ed. W.G. Laver, (Elsevier, Amsterdam) pp.l29- 
138). It was excised by cutting pGem-PBl with Hind III, the fragment 
gel purified; and blunted with T4 DNA Polymerase. The blunted 
fragment was insejted into VIJ cut with Bgl n and also blunted with T4 
DNA Polymerase. The cloned fragment was 2.3 Idlpbases long. 
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5. PB2 

The PB2 gene was sut)cloned from pGeml-PB2 (The 5' and 
- a;3' junctions of the genes with the vector were sequenced to verify their 
^ identity. See J.F. Young, U. Desselberber, P. Graves, P. Palese, A. 
5h!it7Tn?n. M Poc^nHerg ri QR^V in The Origins of Pandemic 
- - TTifliienra Viruses, ed. W.G. Laver, (Elsevier, Amsterdam) pp.l29- 
138). It was excised by cutting pGem-PB2 with BamH I, and gel 
v^.i i^^^^^ sticky-ended fragment was inserted into 

VIJ cut with Bgl n. The cloned fragment was 2.3 kilobases long. 

6. Mi • : 

The Ml gene was generated by PGR from the plasmid 
^ ^ p890I MTTE. The ;M sequence in this pjasmid Was generated by PGR 
from pAPR70i (J.F; Youhg^W^ E>^ell5eiber, P:^rayes, P. Palese, A. 
Shatzman, and M. Rosenberg (1983), in The; Prio ns of Pandemic 
Influeniza Viruses, edl W.G. Laver. (Elsevier. Amsterdam) pp.l29- 
138.), using the oligomer 5* -GGT ACA AGA TGT ACC ATG CTT 
^° CTTA AGC GAG GTC-3' , SEQ; ID:3:. for the "sense" primer and the 
oligomer 5'-CCA CAT AGA TCT TCA CTT GAA CCG TTG CAT 
CTG GAC-3', SEQ. ID:4:, for the "anti-sense"! primer. The PGR 
fragment was gel purified, cut with Bgl 'U and ligated into VIJ cut with 
Bgi n. The cloned fragment was 0.7 kilobases long. The amino 
terminus of the encoded Ml is encoded in the "sense" primer shown 
above as the "ATG" eodon, while the Ml translation stop codon is 
wc encoded by the reverse of the "TCA" codon, which in the sense 
« direction i^^ 

30 

B. Influen2!;a Gene-VlJ Expression Constructs:. 

In each case, th'e jimction sequences from the 5' promoter region 

(CMVintA) into the cloned gene is shown. The sequences were . 
generated by sequencing off the primen 
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CMVinta primer 5'- CTA ACA GAC TGT TCC TTT CCA TG- 3', 
SEQ. ID:28:, which generates the sequence of the coding sequence. The 
position at which the junction occurs is demarcated by a which does 
not represent any discontinuity in the sequence. The method for 
preparing these constructs is summarized after all of the sequences 
below. Each sequence provided represents a complete, available^ 
expressible DNA construct for the designated influenza gene. 

Each construct was transiently transfected into RD cells, (ATCC 
GCL136), a human rhabdomyosarcoma cell line in- culture. Forty eight 
hours after transfection, the cells were harvested, lysed, and western 
blots were run (except for the VIJ-PR-HA construct which was tested in 
mice and gave anti-HA specific antibody before a western blot was run, 
thus obviating the need to run a western blot as expression was observed 
in vivo") . Antibody specific for the PBl , PB2 and NS proteins was 
provided by Stephen Inglis of the University of Cambridge, who used 
Eprffied proteins expressed as B-galactosidase fusion proteiij^to 
generate polyclonal antisera. Anti-NP polyclonal antisenmniwas 
generated by inraiunization of rabbits with whole A/PR/8/34 virus. 
Anti-Ml antibody is commercially available from Biodesign as a goat, 
anti-fluA antisenmi, catalog number B65245G. In each case, a protein 
of the predicted size was observed, confimiirig expressi on in vitro of 
the encoded influenza protein. 

The nomenclature for these constructs follows the convention: 
"Vector name-flu strain-gene". In every case, the s^uence was checked 
against known sequences from GENBANK for the cloned and sequenced 
A/PR/8/34 gene sequence. The biological efficacy of each of these 
constracts is dernonstrated as in Examples 2, 3, and 4 above: 



30 



SEQUENCE ACROSS THE 5' JUNCTIONS OF CMVINTA AND FLU 
GENES FROM A/PR/8/34: 
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1 ■ V1J-PR-NP. SEP. ID!l2v TiRNBANK ACCESSION #:M38279 
5' GTC ACC GtC CTT AG A TC/A ATT CCA OCA AAA GCA GGG 
^ CMVintA NP.... 

TAG ATA -ATC ACT CAC TGA GTG ACA TCA AAA TCA TG 

2.- VlJ-PR-PBl. SEP. ID:13:. GENBANK ACCESSION #J02151 
5* ACC GTC CTT AG A TC/A GCT TGG CAA AAG CAG GCA A AC 
CMVintA FBI.... 

^° CAT TTG AAT GGA TGT CAA TCC GAC CTT ACT TTT CTT 
AAA AGT GCC AGC ACA AAA TGC TAT AAG CAC AAC TTT 
CCC TTA TAC 



15 



20 



25 



3: VIJ-PR-NS. SEP. ID:14:. GENBANK ACCESSION #102150 
5* GTC ACC GTC CTT AGA TG/A ATT CCA GCA AAA GCA GGG 
^ , .CMVintA ^ ■ - ^>JSS.. 

TGA CAA AAA CAT AAT GGA TCC AAA CAC TGT GTC AAG 
CTT TCA GGT AGA TTG CTT TCT TTG GCA TGT CCG CAA 
ACG AGT TGC AGA CCA AGA ACT AGG TGA T... 

4. VU-PI^^HA. SEP. ID:15:. GENBANK ACCESSION #102143 
5' TCT GCA GTC ACC GTC CTT AGA TC/ A GGT TGG AGC AAA 

CMVintA HA... 

AGCAGG GGA AAA TAA AAA CAA CCA AAA TGA AGG CAA 
ACC TAC TGG TCC TGT TAA GTG CAC TTG CAG CTG CAG 
ATG CAG^CA CAA TAT GTA TAG GCT ACC ATG CGA ACA 
ATT CAA CC... 
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5. V1J-PR-PB2. SEP. TD:16:. GENBANK ACCESSION #102153 
5'TTT TCT GGA GTC ACC GTC GTT AG A TC/ C CG A ATT GCA 

CMVintA PB2.... 

GCA AAA GCA GGT CAA TTA TAT TCA ATA TGG- AAA GAA 
^ TAA AAG AAC TAA GAA ATC TAA TGT CGC AGT CTG CCA 
dec CGG AGA TAC TCA CAA AAA CCA CCG TGG ACG ATA 
TGG CCA TAA TCA AGA AGT... 

6. VIJ-PR-ML SEP. TD!l7:.GENBANfK ACCESSION #102145 

^ ° 5' GTC ACG GTC CTT AGA TCT/ ACC ATG AGT CTT CTA ACC 

CMVINTA Ml..... 

GAG GTC GAA ACG TAC GTA CTC TCT ATC ATC CCG TCA 
GGC CCC etc AAA GCC GAG ATC GCA CAG AGA CIP GAA 
Ols^G^TTGACGGAAGA.,. 



How Fragments were ioined: 

1. VI J-PR-NP: Blunted BgUI (vector) to blunted EcoRI (NP) 

2. y 1 J-PR-PBl : Blunted Bgin (vector) to blunted HinDm 



3. VIJ-PR-NS: Blunted BglH (vector) to blunted EcoRI (NSl) 

4. VIJ-PR-HA: Blunted Bglil (vector) to blunted HiiiDm (HA) 

5. V1J-PR-PB2: Sticky Bgffl (vector) to sticky BamHI (PB2) 

6. VI J-PR-Ml: Sticky BglH (vector) to sticky BglU (Ml) 

Ml was obtained by PGR, using p8901-MlTE as template 
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and Primers that add a Bgin site at both ends and start 
3 bases befor the ATG and end right after the termination 
codon for Ml (TGA). 

E XAMPLE B 
VlJneo EXPRESSION VECTOR, SEP. ID:18 : 

It was necessary to remove the amp^ gene used for antibiotic 
selection of bacteria harboring V IJ because ampicillin may not be used 
in large-scale fermenters. The amp^ gene from the pUC backbone of 
VI J was removed by digestion with Sspl and Eaml 1051 restriction 
enzymes. The remaining plasmid was purified by agarose gel 
electrophoresis, blunt-ended with f4 DNA polymerase^ and then treated 
with calf intestinal alkaline phosphatase. The commercially av^ 
kan^ gene, derived from transposon 903 and contained within the 
pUG4K plasmid, was excised using the PstI resti^ enzyme, purified 
by agarose gel electrophoresis, and blunt-ended with T4 DNA i 
polymerase. This fragment was ligated vrith the VI J backbone and 
plasmids with the kan^ gene in either orientation were derived which 
were designated as Vl Jneo #'s 1 and 3. Each of these plasmidis was 
confirmed by reistriction enzyme digestion analysis, DNA sequencing of 
die junction regions, and was shown to produce similar quantities of 
plasmid as VIJ. Expression of heterologous gene products was also 
comparable to VIJ for these VlJneo vectors. We arbitrarily selected 
VlJneo#3, referred to as VlJneo hereafter (SEQ. ID: 18:), which 
contains the kan^^ gene in tiie same orientation as the arrip^ gene in VI J 
as the expression constracL 

Genes from each of the strains A/Beijing/353/89, A/rexas/36/91, and 
B/Panama/46/90 were cloned into the vector VlJneo as cDNAs. In each 
case, the junction sequences from the 5* promoter region (CMVintA) 
into the cloned gene was sequenced using the priih^^^ 
CMVinta primer 5 - CTA ACA GAG TGT TCC TTT CCA TG- 3\ 
SEQ. ID:28:, which generates the sequence of the coding sequence. 
This is contiguous with the terminator/coding sequence, the junction of 
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which is also shown. This sequence was generated using the primer: 
BGH primer 5'- GGA GTG GCA CCT TCC AGG -3', SEQ. ID:29:, 
which generates the sequence of the non-coding strand. In every case, 
&e sequence was. checked against known sequences from GENBANK 
for cloned and sequenced geiies from these or other influenza isolates. 
The position at which the junction occurs is demarcated by a "/", which 
does not represent any discontinuity in the sequence. In die case of the 
VlJneo-TX-HA junction, the sequencing gel was compressed and the 
initial sequence was difficult to read. Hierefore, the first 8 bases a:t that 
junction were shown as "N", ' Hiese nucleotides have been confirmed 
and the identified nucleotides are provided^ The first "ATG"' 
encountered in each sequence is the translation initiation codon for the 
resjpective cloned gene. Each sequence provided represents a complete, 
available, expressible DNA construct for the designated infiuenza gene. 
TThe nomenclature follows the convention: "Vector name-flu strain- 
gesne". The biological efficacy of each of these constructs is ifiown in 
the same manner afe in Examples 2, 3, and 4 above: 

SEQUENCE ACROSS THE 5' JUNCTIONS OF GMVintA AND T^ . 
FLU GENES AND ACROSS THE 3* JUNCTIONS OF THE FLU 
GENES AlvTO THE BGH TERMINATOR EXPRESSION 
CONSTRUCTS, USING DIFFERENT INFLUENZA STRAINS AND 
PROTEINS: 

A. VITni^o-RT-NPr 
PROMOTER. SEP. ID:20: 

'I 

5' TCA CCG TCC TTA GAT C/ AA GCA GGG TTA ATA ATC 
CMVintA NP.... 
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ACT CAC TGA GTG ACA TCA AAA TC ATG GCG TCC CAA GGC 
AGC AAA CGG TCT TAT G AA CAG ATG G A A ACT GAT GQG 
, i GAA CGCCAG ATT 

:^ TERMINATOR. SEP. ID:2\ : 

5' GAG GGG CAA ACA ACA GAT GGC TGG CAA CTA GAA GGC 
ACA GCA GAT / ATT TTT TCC TTA ATT GTC GTA C... 
BGH NP.... 



II. AZ1EXASZMZ21 ■ 

A VI Tnf^n-TX-HA 

PROMOTER^ SEP. ID:24: . # 

5' CCT TAG ATC / GGA AAT AAA AAG AAC CAA AAT GAA 
CMVINTA HA.... 

AGC AAA ACT ACT-AGT CC... 



.. TERMINATPR. SEP. ID:25: - . 

^ 5' GCA GAT a CT TAT ATT TCT GAA ATT CTG GTC... 
BGH HA.... 

TCA GAT... 



III. R/P A NAM A 746/90 



15 
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PROMOTER. SEP. ID:26: (The first lORO bases of this sequence is 
available on GENBANfK as accession number M65171: the sequence 
obtained below is identicial with the known sequence: the 3' sequence. 
^ SEP. ID:27: below) has not been previously reportedY " 

5'AGe GTC CTT AGA TC/ C AGA AGC AG A GCA TTT TCT AAT 

CMVintA HA.... 

^° ATC CAC AAA ATG AAG GCA ATA ATT GTA CTA CTC ATG 
GTA GTA ACA TCC AAG GCA GAT CGA ATC TGC... 

TERMINATPR. SEP. 10:27: 

^ ^ 5' GGC ACA GCA GAT C/ TT TCA ATA ACQ TTT CTT TGT 
BGH HA.... 

AATGGT AAC... 

^° - EXAMPLE 9 

?^= intTade^ Iniisc^bhs^of Influenza Gmi^^ 
Jhe ijrotocol fo^^ 
same a.s fpi; inlqram introduction: TTrof^^j^j^n^jpf 200(ig 

25 y^®!^Hs apart, of Vl -PR^-NP.^-^^ spleens were harvested for: 

the ill vjtrp assay 55 days after the third injection, aiid restimulated with 
the nonapeptide nucleoprotein epitope 147-155, SBQ. ID:9:. Target 
cells (P815 cells, mouse nlastocytoma, syngeneic Vith BALB/c mice H- 
2d). were infected with the heterol ogous virus AA^ictoria/73, and 

^ ^ specific lysis using the spleen cells as the effector at effector:target : 
ratios ranging between 5:1 and 40:1. Negative controls were carried 
out by meaisuring lysis of target cells which were not infected with 
influenza virus. Positive controls were carried out by measuring lysis 
of influenza virus infected target cells by spleen cells obtained from a 
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10 



mouse which was injected three times with 130 \ig of Vl-PR-NP and 
which survived a live influenza virus infection by strain A/HK/68. 

Results: Specific lysis was achieved using the spleen cells 
from intradermally injected mice at all effector.target ratios. No 
specific lysis was seen when spleen cells obtained from uninjected mice, 
or mice injected with the vector VI without the inserted Pk-NP gene, 
were used as the effector cells. In addition, the specific lysis achieved 
using the intradermal delivery was comparable at all effectorrtarget 
ratios to the results obtained using intramuscular delivery. Influenza 
virus lung titers were also measured in mice injected intradermally or 
intramusculary. ,^^e results, usmg 5 mice p 
dose three weeks apart, and challenge ,3 weeks post last dose, were as 
follows: 



15 



Vaccine Mode of Deliverv 



Mouse Lunp Titer* 



Day 5 



20 



Ml -PR-NP Intradermal 

VI Intradermal 

,^4-PR-ITP Inbunjusc?^ 

None - — - — : — ■-— 



5.2 + 0.2 
5.9 ± 1 
4;6±0.4 
6.2 + 0.3 



,...4.1 ±1*^ 
6.6 + 0.3 



4.5 ±1.1** 

'If ±x):3";- 



x * Mean log titer ± SEM. 

>.v^* One moiise hadrno vims at all. 



25 



30 



^Finally, percent survival of mice was te^^ 

By day twenty eight, of the mice receiving Vl-NP-PR, S^g^^ife?^ 
Jili^ of the VI 

vector and only 30% of the untrejited niice survived. This experiment 
,;^^.demonstrates that DNA encoding nucleoprotein from the A/PR/8/34 
strain was able to induce CTL's that recognized the nucleoprotein from 
the hetereologous strain A/Victoria/73 and a protective immune 
response against the heterologous strain A/HK/68. 



wo 94/21797 



PCTAJS94/02751 



-66- 

EXAMPLE 10 
Polynucleotide vaccination in primates 

1. Antibody to NP in Rhesus monkeys: Rhesus monkeys (006 NP, 009 
NP or control 101; 021) were injected with 1 mg/site of RSV-NP i^v 
in 3 sites on day 1. Injections of 1 mg each of RSV-LUX and CMV-int- 
LUX, constructs for the reporter gene firefly luciferase expression, 
were given at the same time into separate sites. Animals were re- 
injected on day 15 With the same amounts of DN A as before and also 
with 1 mg of pD5-CAT, a construct for the reporter gene 
chloramphenical acetyl transferase expression, in 1 site each. Muscle 
sites containing reporter genes were biopsied and assayed for reporter 
gene activity. Serum was collected 3, 5, 9, 1 1, 13, and 15 weeks after 
the first injection. The first positive sample for anti-NP antibody was 
Qgllected at week 1 1 and positive samples were also collectedron weeks 
13 and 15. Anti-NP antibody was determined by ELISA. The results 
are shown in Figure 9. 

2. Hemagglutination inhibiting (HI) antibody in rhesus monkeys: 
Monkeys were injected ^1 with VIJ-PR-HA on day 1. Two animals 
each received 1 mg, 100 jxg, or 10 ^ig DNA in each quadriceps muscle. 
Each injection was admioistered in a volume of 0.5 ml. Animals were 
bled prior to injection on day I. All animals wfere reinjected with DNA 
on day 15, and blood was collected at 2-4 week intervals thereafter. 
Hemagglutination inhibition (HI) titers against A/PR/8/34 were positive 
at 5 weeks, 9 weeks and 12 weeks after the first mjection of VIJ-PR-HA 
pN A. Results are shown below in Table lO-I: 



30 



1 
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TAPLE lO-I 

HI ANTIBODY TITER OF RHESUS MONKEYS RECEIVING 

VIJ-PR-HA PNA 



10 



RHESUS # 


DOSE 


HI ANTIBODY TITER AT } 


»VEEK # 






PRE 


3WK 


5WK 


9WK 


12 WK 


88-010 


1 MG 


<10 


<10 


320 


320 


320 


88-0200 




<10 


<10 


<10 


40 


40 
















88-021 


100 UG 


<10 


<10 


<10 


40 ; . 


20 


90-026 




<10 


<10 


20 


20 


40 
















88-084 


10 UG 


<10 


20 


40 


20 


10 


90-028 




<10 


<10 


20 


<10 


<l6 



EXAMPLE 11 



20 Polynucleotide vaccine Studies in feirets 

1 . A study of polynucleotide vaccination in ferrets was initiated with 
the purpose of determining whether animals could be protected from 
influenza A^i^ with genes aicodiiig either the 

25 HA (a/surface^protein capable of inducing strain-specific neutralizing 
antibody) or the interal protein >JP, NSI, PBIy M (thought to induce a 
cell-mediated immune response that would be strain-independent). 
Animals weretinjected with DN A encoding the various influenza genes 
in our VlJ-vector as shown: 

30 



suBsrrruTE sheet (rule 26) 
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TABLE 11-1 

■i 



Group 


Construct 


Dose 


No. Animals 
Immunized 


Chall. 
HlNl 


Chall. 
H3N2 


1 


VIJ-HA 


1000 mg 


16 


:8 


8 


2 


VIJ-NP 


1000 mg 


16 


8 


8 . 


3 


V1J-NP+NSI+ 
PB1+PB2+M 


2000 mg 
total 


16 


8 


8 


4 


V1J-HA+NP+ 
NS1+PB1+ 
PB2+M 


2000 mg 
total 


16 


8 


8 


5 


VIJ- 


1000 mg 


16 


8 


8 


6 


None 


None 


10 




5 


Total 
Animals 






90 


45 


45 



2. On days 22 and 43 postimmunizafioii, serum was collecteS from the 
immunized animals and assayed for neutralizing (hemagglutination 
inhibiting-HI) antibodies and for antibodies to nucleoprotein (NP) by 
20 . ELISA. Animals that had been injected with DNA expressed antibodies 
to the corresponding genes. These are reflected in the attached Figures 
io, II, and 16. j 

3> On Day 128, selected immunized animals were challenged with 1200 ) 
25 TCmsO of Influenza A/HK/68^ This stra^ 1 
A/PR/8/34 strain that was^ the source of the coding sequences used to ; 
immuni^ arid therefore protection indicates inmiunity based on cell- 
mediated, strain*independent inununemechaiusms. As shown in the i 
attached Figure 12, a statistically significant reduction in viral shedding * 1 

30 compared to controls was seen in animals immunized with DNA 

encoding internal proteins, confutoig that polynucleotide- ' l 

immunization in ferrets is capable of ehciting an immune response.and 
that such responses are protective. 
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4. A homologous challenge using Kf?KI%l2)A is similarly tested and the 
protective efficacy of neutralizing antibody induced by polynucleotide 
vaccinatidn is demonstrated similarly. 

•?v. EXAMPLE 12 

^ PRODUCTION OF VlJns 

An Sfi I site was added to VlJneo to facilitate integration studies. 
A commercially available 13 base, pair Sfi I linker (New England 
BioLabs) Was added at the Kpn I site wifliin the BGH sequence of the 
vector. yiJneo was linearized with Kpn I, gel purified, blunted by T4 
DNA polymerase, and ligated to the blunt Sfi I linker: Clonal isolates 
were chosen by restriction mapping and verified by sequencing/through 
the linker. The new vector was designated VlJns (Figure 17). 
Expression of heterologous genes in VI Jns (wdth Sfi I) was comparable 
to expression of the same genes in VlJneo (with Kpn I). 

EXAMPLE 13 

IMMUNOGENICITY 

20 

Iv Humoral Immime-Responses 

Injection of DNA encoding influCTiza HA, NP and Ml has 
resulted in hximoral immime iresponses in mice, fearets Or non- 
human prknates (including African green monkeys and Khesiis 
monkeys)- To date, PNVs containing HA genes doned from the 
A/PR/34, B/Panama/90, A/Beijing/89, A/Texas/91, A/Hawaii/91> 
and A/Georgia/93 strains of influenza vims have been shown to 
generate antibodies- 

a) Mice: Antibodies to NP and Ml were detected by ELISA 

30 — *— — J 

in sera frommice after injection of DNA. Substantial antibody 
titers (10^ - 10^ were generated with as low as 1 p,g of NP DNA 
(A/PR/34) administered once (the smallest dose tested), aroise as 
soon as 2 weeks after injection (the earliest time point tested), and 
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10 



15 



20 



25 



have not decreased for at least 6 months after injection. These NP 
aritibodies are not neutralizing and do not participate in 
protection. They do, however, demonstrate MP protein 
expression in vivo after DNA injection. In contrast, antibodies to 
HA do provide protective immunity against the hornologous 
strain of influenza virus. Injection of HA DNA cloned from the 
A/PR/34 strain resulted in the production of neutralizing 
antibodies, as measured in vitro by a hemagglutination inhibition 
(HI) assay. HI titers > 1280 were measured in many mice given 
fliree doses of 100 fig of HA DNA, and detectable titers were seen 
iri some animals that had received a little as two doses of 0.1 ng. 
There was a dpse-respohse relationship betweeoi HI titer and 
DNA dose, as well as HI titer and nimiber of injections (Table 13- 

Generation of Humoral Immune. Responses in Mice 



dose (ng) 


GMTHl 


# doses 


1 


2 


3 


HA DNA (100) 


75 


1 06 


260 


HA DNA (10) 


37 


69 


86 


HA DNA (1) 


. <10a 


13 


24 


HA DNA (0.1) 


<10»> 


<10a 


<10a 


Cpntror DNA (100) 


<10b 


<10b 


<10b 


un Injected 




<10b 





30 



Table 13-1: Female BALB/c mice (4-6 weeks) were injected with . 
A/PR/34 HA DNA (VIJHA) at the indicated doses either once, twice or 
three times at three week intervals. Negative controls included mice 
injected with control DNA consisting of the vector without a gene iiisert 
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(VIJ) and naive, uninjected mice. Serum samples were collected at 
seven weeks post-dose one and analyzed for the presence of 
hemagglutination inhibition (HI) antibodies. The data is represented as 
geometric mean HI titer where n= 10. 

^ a some of the mice tested positive for HI titer. 

all of the mice. 

In every mouse tested, the presence of HI antibodies correlated 
•wiih protection in a homologous chedlenge model. HI antibody 
responses in mice injected vydth HA DNA (A/PR/34) have 
remained essentially imchanged for at leeist six months. HA . 
antibodies, as measured by ELISA, have also beeoi generated in 
mice using HA DNA fK>m;A/Beijing/89,B/Panama/90, and . 
A/Texas/91 strains of influenza , virus. , 

Based on a report, in the Uterature that demonstrated lower 
reporter gene expression in older mice after ihjectioh of DNA, the 
effect of age on humoral immime responses to HA •yvas testedi 
r:>ue to the l^ck of av^ 

retired breeders of approximately 10 months of age 

Retired breeders and 4-6 week-old virgin mice were compared for 

their ability to generate antibodies to HA. The pldei^^ 

able to generate HA antibodies after injection of HA DNA at doses 

as low as 1 jig (the lowest dose tested), albeit lower in titer than in 

the younger mice (Table 13-n): 
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Table 13-H 



Effect of Age on Humoral Immune Responses 



10 







GMT 


GMT 


inoculum 


dose (^ig) 


(4-6 wk) 


(10 itio) 


HA DMA 


100 


1034 


110 


HADNA 


10 


338 


68 


HADNA 


1 


80 


20 


Control DNA 


100 


<5a. 




Unlnjected 




<5a 


<5a 


Flu 




5381 


36 



15 . Jable 13-11: Female BALB/c mice (4-6 week vifgins arid iQ-irionth 
^dr^ breeders) were injected vvith A/PR/34 HA DNA (V A) at the 
istdicated doses three times at three week intervals. Nega'ti1?W controls 
included mice injected with control DNA (V IJ) and naive, uiiinjected 
mice.' For comparison, oflier mice were infected with a sublethal dose 

20 of influenza A/PR/34. Serum samples were collected at nine weeks 
post-dose one and analyzed for HI titer. Data is represented as 
geometric mean HI titer where n=*l 5. 

a all mice tested negative for HQ titer 

25 '.. ■ . . . \ . ' '■ ■ '■ 

However, this was not a resiilt of die PNV itself, but rather a 
dimirushed capacity in the older mice to generate humoral 
imnuine responses in general since older mice also exhibited lower 
30 HI responses than younger mice after infection with live A/PR/34 " 
virus. In feet, the HI antibodies appeai-ed to be less d^ressed in 
DNA-vaccinated aged mice than in influenza-infected aged mice. 
Moreover, the retired breeders used in these studies were 
approximately 50% heavier than typical virgins of the same age. 
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which based on studies of othei s using calorie-restricted diets in 
mice could have had a detrimental effect on the immune responses 
of these animals. For this and other reasons, the immune 
responses of these mice may not be representative. Nevertheless, 
t • age (up to at least 10 months) does not appear to have 
^ significahtly reduced the ability of polynucleotide vaccination to - 
induce humoral immune responses, even at doses of as low as 1 

b) Ferrets : Humoral immune responses have been 

^° generated in ferrets injected mih HA DNA from the A/PR/34, 
A/Beijing/89, A/Hawaii/91 and A/Georgia/93 strains of influenza 
virus. HI antibodies against A/PR/34 arid ELISA antibodies 
against HAs from the other strains were elicited by the 
appropriate PNV. Sera from ferrets injected with A/Beijing/89, 
A/Hav^aii/9l, and A/Georgia/93; KL^ DNAs are found to have HI 
ajitibodies and neutralizing aaitilJpdaes; since these animals were 
protected i&rdm virus challehge. * ' 

c) Non-Human Primates: (See also Example 10 above). 

^ ° Rhesus monkeys were immunized twice with HA DNA (A/PR/ 34) 
at doses of 10> 100, and 1000 ^g perleg. HI titers of up to 320 were 
- measured in emimals titiat had received 100 or 1000 p.g doses, and 
pne df the two 10 jxg-dose monkeys had an HI 6f 80. So fer, sera 
have b64n assayed out to 13 months; HI titers did hot dedine 
appreciably from 6-13 months (Table 13-ffl): 
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Table 13-III 

" '■ i ■ ■ . • ' 

Generation of HI Antibodies in Rhesus Monkeys 



5 



dose (|ig) 


pre 


1 mo 


2 mo 


5.5 fno 


13 mo 


.2000 


<10 


640 


320 


160 


80 


2000 


<10 


40 


40 


20 


20 


200 


<10 


80 


40 


40 


80 


200 


. <10 


80 


80 


40 


20 


20 


<10 


40 


20 


20 


. 20 


20 


<10 


<10 


<10 


<10 


<10 



^ g Table 13-III: BLhesus monkeys (both male and female) ranging in size 
from 4.3 to 8.8 kg were injected with A/PR/34 HA DNA (YIJHA) at 
the indicated doses at 0 and 2 weeks. Serum samples were collected at 
the indicated times post-dose one and analyzed for HI titer. The data 
represent HI titers for individual animals. 

■■20 ■ ■ ■/ ■■• 

In African green monkeys injected with a cornbinati^ 
containing 100 fxg HA DNA (A/Beijing/89), evaluation of sera 4-6 
w(2eks post-dose 1 showed a GMT of 29 (8/9 responding). This 

25 compares fcivorably TAnlth responses to both Hcer^ 

vacdne (GMT of 16, 5/6 responding) and licensed whole virion 
vaccine (GMT^6, 6/6 responding) at the samfe time point (Figure 
18). A marked booster effect of the second immunization was seen 
in animals receiving a 10-|xg dose of HA DNA (GMT of 1.9 after 1 

2 Q dose and 199 after two doses). Licensed whole virion vacdne 
demonstrated a similar boosting effect, whereas HI titers 
produced by the second dose of subvirioii vacdne were only 
transient. To date, similar levels of HI antibodies have been 
measured out to 18 weeks in animals immunized with both 10 jig 
and 100 ^ig doses of HA DNA compared to the best Hcensed 
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vaccine (whole virion). These results demonstrate that the PNV 
was as least as effective in generating neutralizing antibodies as 
whole virion vaccine and superior to subvirion vaccine. Purified 
subimit vaccines were not detectably immunogenic in rnice; hence 
they were not tested in non-hmhan primates. In this study, the 

■ ^ PNV contained a 5-valent cocktail of DNAs encoding HA from 
A/Beijing/89, B/Panarna/90 and A/Texas/91, and NP and Ml 

* from A/PR/34, in order to resemble a candidate vaccine. We have 
also tested these animals for the gena:ation of humoral immime 
responses against the other components of the vaccine and have 
^° detected antibodies to B/Panama/90 HA arid A/PR/34 NP. hi a 
s^ara;te experiment, both HI and neutralizing antibodies against 
A/Texas/91 HA were induced by injection of two doses of PCR- 
clonedHADNA. 

.^^ 2. Cell-Mediated; hnmime Responses 

See Example 3 above. 

3. Generation of Immune Responses 

a) Humoral Immunity: The events leading to the production 
J^I of humoral and cdi-mediated immune fesi)onses after injection of 

DlSJA have riot yet been elucid To engender rieutiralizirig 
% antibodies against influenza virus HA), it is likely tiiat cells 
itiust expreiss the antigen on the plasma membrane or secrete it 
into the extracellular milieu. In addition, transf ected cells should 
7r express HA with secondary, tertiary and quaternary Structure 
^, similar to that iii the virion. In a rosetting a:ssay, cell surface, 
expression of HA was demonstrated in RD cells 
(rhabdbmyosarGorna; myoblas! origin) transioitiy transfected 
with HA DNA. Red blood cells agglutinated to the surface of HA 
' tiransf ected cells but not mock-transf ected cells, indicating t^ 
was not Only expressed on the surface but klso had retained the 
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proper conformation for binding to sialic acid-containing 
proteins. 

b) Cell-Mediated Immunity: The generation of cell- 
mediated immune responses (e.^.> against influenza virus MP) 
requires proteolytic processing and presentation of peptides 
derived therefrom in association with MHC class I. The nature of 
the antigen presentiiig cell leading to the generation of immune 
responses after injection of DNA is not yet known. J^usde cells 
express low levels of MHC class I and are not thought to express 
costimulatory molecules on their surfaces. Therefore, muscle cells 
are not generally considered to be antigen presenting cells. 
However, several lines of evidence suggest that muscle cells are 
involved in the generation of immune responses after i Jn. 
injection of DNA. First, a limited siup^rey of the tissues capable of 
internalizing naked plasmid DNA leading to protein expression in 
situ demonstrated that many cell types can e?q?ress reporter genes 
when the plasmid is injected directly into the tissue, but 
substantially less efficiently than muscle cells. A complete analysis 
of the uptake of DNA by non-musde cells after i.m. injection has 
not yet been reported, but it is likely that uptake would be even 
less efficient. Second, e^qpression of reporter genes after i.m. 
injection of DNA has been demonstrated in skeletal and cardiac 
muscle cells in many different spedfes. "liSiiillfc^^CnX 
li|^Mpi§es;^sam^|^^^ 

j|0^§50iv^andiid-), mice 
^^PPj^qited after im-: injection of DNiL i^urth, myoblasts and 
myocytes can be recognized and lysed by CTL in vitro and this lysis 
can by enhanced by pretreatment with y-interferon, which 
upregulates MHC class i expression. Finally, transplantation of 
stably transfected, NP-expressing myoblasts into naive, syngeneic* 
mice resulted in the generation of protective cell-mediated 
inunune responses m WW (Figure 20). Therefore, expression of 
antigens by xnusde cdls is suffident to induce the protective 
immune responses seen after DNA injection. '. Furthermore, 
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uptake and expression of DNA by nori-musde cells may not be 
required to account for the generation of protective immimity . 
From the standpoint of polynucieotides as vaccines, it would be 
potentially advantageous to limit DNA uptake to muscle cells. 
^ I First, myocytes are terminally differentiated and do not divide. 

This could be important for reducing the possibility of integration 
of plasrnid DNA into chromosomal DNA and inaintaining a 
persistent expression of antigen, which could lead to long-lived 
immune responses. Second, myocytes are large, multinucleate 
cells titiat can be regenerated by fusion of myoblasts. This may 
help to explain why injection of DNA leads to protein . expression 
that can potentially persist for long periods of time without 
evidoice of cytolytic destructioii by GTL. 
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EXAMPLE 14 

Protiection Studies ; 

Inraiunization with DNA encoding iitfluenza^y^ 
provided protection from death and disease, and reduced viral burdens, 
in a variety of combinations of influenza strains, using tWo widely 
accepted animal models for hitman influenza infection (mice and 
■ .' ferrets).-. •'■ 

- 1. Heterologous Qieterotypic, group-common) protisjctiori is not 
m: provided efficiently by the licensed killed vims vaccine but was 

provided by DNA vaccination in animal models^ This protection was 
demonstrated when DNA that encoded NP or Ml was injected into , 
^" 7 laboratory animals. The cross-reactive cell-mediated immune (CMI) 
response induced by vaccinatioh with these DNAs provided a protective 
response. ' ' 

ai Mice: BALB/c and C3H mice injected^lpJt^ 
for NP from A/PR/34 were protected from death and from dise^ 
(assessed by reduction in body weight)'when challenged by total 
respiratory tract, infection with an LDpQ of A/Hohg Kong/68 ^3N2), a 
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heterotypic strain (H3 vs HI for A/PIV34). Figure 21 shows the 
survival of B ALB/c mice immunized 3 times with NP DNA (200 
|Xg/dose) at 3-week intervals and challenged .3 weeks after the last 
inmiuiiization. Figure 22 shovys tke inhibition of weight loss after 
challenge in immunized mice compared v/ith the severe weight loss 
experienced by control mice. Figure 23 shows the reduction in viral, 
burden in the lung 7 days after after upper respiratory tract challenge 
of mice immunized with NP DNA compared mth mice giyen control 
Doncoding DNA. Mice immunized with NP DNA were completely 
protected from death, experienced reduced weight loss, and showed 
lower viral burden in the lungs when compared with control mice. The 
amount of NP DNA required to protect mice from death and weight 
loss was found to be ^6.25 p.g per injection When 3 injections of DNA 
were given (Figure 24). The protection produced by immunization 
with NP DNA was found to persist essentially unchanged for at least 3 
.mon^ in immunized mice. The level of protection persisted; to 6 
months, but declined slightly betv\;'een 3 and 6 months after ti^ last 
immunization. However revaccination v^rith a single injectidir of NP 
DNA at 22 weeks, 3 weeks prior to challenge at 25 weeks, restored fiill 
protection (Rgure 25). Thus inMnunization of niice with NP DNA 
produced a long-lasting, boostable, heterolpgo^is protection. The ability 
to generate an anamnestic response upon revaccination of these animals 
suggests that immunological memory was induced by the NP DNA 
immunu!:ation. 

b. Ferrets: Ferrets are a commonly used model for human 
influenza infection because they are susceptible to infection with a wide 
variety of human isolates of influenza virus. Virus replication in the 
ferret occurs predominantly in the nares and trachea and to a much 
lesser extent in the lung, in contrast to mice in which the viral burden in' 
the lung is large. Infection in the feiret is followed most readily by 
titration of virus in nasal wash fluid. Ferrets immunized with NP DN A 
or Ml DNA, singly or in combination, from a strain recently obtained 
from humans (A/Beijing/89. H3N2), exhibited significantly reduced 



wo 94/21797 



PCTAJS94/02751 



-79- 

viral shedding on days 1-6 upon challenge with a field isolate, 

A/Georgia/93 (H3N2) (Figure 26), This field isolate exhibited antigenic 
■ t drift from the A/Beijing/89 type strain such tiiat the A/Beijinjg/89 
v: licensed vaccine offered little or no protection of humans against disease 

caused by A/Georgia/93. Ferrets immunized with DN A encoding 
^ internal proteins of A/PR/34 exhibited significantly reduced nasal viral 

shedding on days 5 and 6 after infection with the homotypic strain, 
' A/PR/34 (Figure 27). Reduction in viral shedding was seen after 

A/Georgia/93 challenge at both early and late time points, while late 
■■ :m reduction in shedding was observed after A/PR/34 challenge; this may 
^ ^ be due to a difference in - virulence for ferrets between the two strains. 

2. HemslfigfiHS Qiomotypic, type-specific) protection was demonstrated 
readily in both mice and ferrets imunized with HA DNA. 

a. Mice; 3 ALB/c mice immymz^4 with HA DN^ 
fiiUy protectedtagdnsrt^aHe^ 

inice experienced heitlier death (Figure^^^ than 5% of 

body weight (Figure 29) after challenge, while 90-100% of control 
mice died and experienced severe weight loss. Titration of the dose of 
HA pNA required to achieve protection showed ttiat three injections of 
1 ng HA DNA was sufficient to achieve fiill protection (Figure 30). 

f u b. Ferrets: perretis that had been imnwmzed with DNA that 

, coded for, the HA fiom A/PIV34 had^^ 

on days 1-6 after homologous challenge infection than ferrets given 
control DNA (Figure 31). Similarly^ ferrets that had been immunized 
wth A/Georgia/93 HA DNA had reduced viral shedding on days 1 and 

■■m' 3-7 after homologous infection (Figure 32). HI antibodies were present 
t: against the appropriate strains in sera from all of the immunized ferrets 

iss (vide supra). Thus immunization witti HA DNA produces homologous 
protection. - 
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3. Vaccine combinations : The ability of HA DNA to provide superior 
breadth of protection when combined with NP and M 1 DN As was 
examined in ferrets. 

a. Breadth of protection against antigenic drift variants : The 
antigenic drift that Occurred between the A/Beijing/89 and A/Beijing/92 
strains was of sufficient magnitude that many humans iiramuni 
the licensed vaccine containing the A/Beijihg/89 strain were not 
protected against disease caused by die A/Beijing/92 variant hi North 
America, widespread disease was caused by A/Beijinig/92-Iike field 
isolates, for- example, A/Georgia/93. The North American field isolates 
are antigeriically similar to the type strain. A/Beijiiig/92, but differ in 
their geographic site of isolation, and in their ^)assage history in that 
they were passaged in mammalian cell culture rather than in eggs. In 
terms of the amino acid sequence of HA, however, thfe A/Beijing/92-iike 
strains differed from the A/Beijing/89-Iike strains by oiily 11 point 
mutations (positions 133, 135, 145, 156, 157, 186, 190, 191^493, 226, 
aifd 262) in the HAl region. We therefore sought to detera^'e whether 
cdlmbining die homotypic immune responses induced by HA^BNA with 
crossrieactive CMI responses induced by NP and Ml t)NA would 
provide a greater degree of protection against this antigenic drift 
variant. Immunizatidn of ferrets with hcehs^ed vacdrie cbhtiaining die 
A/Beijing/89 strain, orwith HA DNA from A/Beijihg/89 or a Beijing- 
89-like field isolate (A/Hawaii/91) gave a reduction in viral shedding 
when ferrets were challenged with A/GeOrgia/93 (Figure 33). Ferrets 
that were immunized with a combination PNV coiitaining NP, Ml and 
HA DNAs had sigiiificantiy lower vims shedding than ferrets 
immunized with licensed product, or with HA DNA alone (Figure 34). 
In the case of the A/Hawaii/91 HA DNA corhbiried with A/Beijmg/89 
NP and Ml DNAs, the resulting protection was hot significantiy 
different firom the maximal protection provided by the hohiologous 
A/Georgia/93 HA DNA (Figure 35). Thiis combinirig HA, NP and Ml 
DNA's gave improved protection against an antigenic drift variant 
compared widi the licensed vaccirie. 
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b. Effect of passage history of the vaccine antipeii : Ferrets that 
had been immunized with a vaccine consisting of the HA DNA sequence 
derived from a U.S. field isolate that had been passed in MDCK cells in 
tissue culture (A/Hawaii/91) experienced less (p==0.d21 by tv^o-way 
ANOVA) viral shedding than ferrets given the licensed 'killed virus 
vaccine containing the egg-passaged A/Beijing/89 strain, when 
challenged with the antigenically drifted strain A/Georgia/93 (Figure 
33). In contrast, ferrets given HA DNA from A/Beijing/89 did not 
experience significantly different viral shedding (p=0,058) after 
A/Georgia/93 challenge from ferrets given the licensed vaccine 
containing^ the identical virus^ The egg and mammalian cell-grown 
strains differ by two point mutations in the HAl region of HA (positions 
186 and 193), both of which are located in antigenic site B, close to the 
apex of the HA monomer in a region thought to be important for the 
binding of HI and neutralizing antibodies. In some instances, the ability 
of some human influenza isolates to bind to chipken RBC is initially 
very low but is increased by succer^sive passages in eggs, suggesting that 
the receptor binding region of the HA may undergo subistantial selection 
by growth in avian cells. The effect of small sequence variations on the 
efficacy of HA-based influenza vaccines in laboratory aninlals 
underscores the potential importance of remaining as close as possible to 
the sequence of the wild-type vims in preparing such vaccines. 

: c: Nonhuman primates : Noiihuman primates are not commoiily 
used forinflueriza chaUenge models due to t^^ 
vtespoiise to infection. However, we have investigated tiie 
iihmunogeiiicity of the PNV vaccine combinations in nontuunah 
primates in comparison with the licensed killed virus vaccines. The 
antibody titers elicited by the combination PNV containing the HA and 
internal proteiii genes were at least equivalent to the licensed prodiuct in 
terms of HI antibody titer and duration of response {vide supra). 
African Green Monkeys that had been inmiuriized with PNV responded 
to an HA PNV for sai antigenic drift variant, showing that type-specific 
responses to PNV can be generated in previously immunized subjects. 
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Monkeys that were immunized with PNV also responded to subsequent 
immunization with conventional killed-virus vaccine. 

4. Conclusion: Polynucleotide vaccines against influenza are efficacious 
in laboratory animal models of influenza infection. Homologous 
protection can be achieved using DNA vectors encoding HA, most likely 
by an immunological mechanism analogous to that induced by the HA 
protein used in the current licensed influenza vaccine. Heterologous 
protection can be achieved against both antigenically shifted and drifted 
strains by also including DNA encoding conserved internal proteins of 
influenza. Combination of these approaches in a single immunization 
yields improved protection against antigenic drift variants in . 
comparison with the currently licensed vaccine in the ferret model. 

EXAMPLE 15 

■"^^ Vector VI R Preparation 

In an effort to continue to optimize our basic vaccination vector, 
we prepared a derivative of VUns which was designated as VI R. The 
purpose for this vector construction was to obtain a minimum-sized 
vaccine vector, I.e., without unnecessary DNA sequencesi which still 

20 retained the overall optimized heterologous gene expression 

characteristics and high plasmid yields that VTJ and VUns afford- We 
determined from the literature as well as by experiment that (1) 
regions within the pUC backbone comprising the E. mil origin of 
replication could be removed without affecting plasmid yield from 
\bacteria; (2) the 3'-reglon of the /canr gene fbiibwing the kanamycin 

25 open reading frame could be removed if a bacterial terminator was 
inserted In its stead; and, (3) ~3p0 bp from the 3'- half of the BGH 
terminator could be removed without affecting Its regulatory function 
(following the original Kpnl restriction enzyme site within the BGH 
element): 

_ V1R was constructed by using PGR to synthesize three segments 
30 of PNA from VUns representing the CMVintA promoter/BGH termiriator, 
origm of replication, and kanamycin resistance elements, respectively. 
Restriction enzymes unique for each segment were added to each 
segment end using the PGR oligomers: Sspl and Xhol for GMVIntA/BGH; 
EcoRV and BamHI for the /can r gene; and, Bell and Sail for the on r 
These enzyme sites were chosen because they allow directional 
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ligatlon of each of the PCR-derived DNA segments with subsequent loss 
of each site: EcoRV and Sspl leave blunt-ended DNAs which are 
compatible for ligation while BamHI and Bell leave complementary 
overhangs as do Sal! and Xhol. After obtaining these segments by PGR 
each segment was digested wi:h the appropriate restriction enzymes 
indicated above and then ligated together in a single reaction mixture 
containing all three DNA segments. The 5'-end of the ori r was 
designed to Include the T2 rho independent terminator sequence that is 
normally found in this region so that it could provide termination 
information for the kanamycin resistance gene. The ligated product 
was confirmed by restriction enzyme digestion. (>B enzymes) as well as 
by DNA sequencing of the ligation junctibris. DNA plasmid yields arid 
heterologous expression using viral genes within V1R appear similar to 
VUhs. The net reduction in vector size achieved was 1346 bp (VUns = 
4.86 kb; V1R = 3.52 kb). see figure 36, SEQ.ID:45:. 

PGR oligomer sequences used to synthesize VI R (restriction enzyme 
sites are underlined and identified in brackets following,..,sequence):v 

(1 ) 5'-GGT ACA AAT ATT GG CTA TTG GCG ATT GGA TA(f l3-3' [Sspl], 
SEQ.ID:60:, 

(2) 5'-CCA CAT CTC GAG GAA GCG GGT CAA TTG TTG AGG AGG-3' [Xhol], 
SEQ.ID:61: 

(for GMVintA/BGH segment) 

(3) 5'-GGT ACA GAT ATC GGA AAG GGA GGT TGT GTG TCA AAA TG- 
3'IEcoRV], SEQ:ID:62: 

(4) 5*-CCA CAT GGATCC G TAA TGG TGT GCG AGT GTT ACA ACC-3' 
[BamHI], SEQ.ID:63: 

(for kanamycin resistance gene segment) 

(5) 5'-GGT ACA TGA TCA CGT AGA AAA GAT GAA AGG ATC TTG TTG- 
3'[Bclll, SEQ.ID:64:, 

(6) 5'-CGA CAT GTC GAG CC GTA AAA AGG GCG GGT TGG TGG-3' [Sail 
SEQ.ID:32: ' 

(for g. cnii origin of replication) 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Donnelly, John J 

'\ Dwarki, Varavani .0 

Liu, . Margaret A 
Montgomery, Donna L 
Parker. Suezanne E 
Shiver, John W 

Hi) TITLE OF INVENTION: Nucleic Acid Pharmaceuticals 

(ili) NUMBER OF SEQUENCES: 64: 

- (iv) CORRESPONDENCE ADDRESS: 

{AT ADDRESSEE: Merck Co., Inc. 

(B) STREET: P.O. Box 2000 

(C) CITY: Rahway 

(D) STATE: New Jersey 

(E) COUNTRY: United States of America 

(F) ZIP: 07065 

(v) COMPUTER READABLE FORM:. 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compa t ibl e 

(C) OPERATINa SYSTEM:: PC-DOS/MS- DOS 

(D) SOFTWARE: Pa ten tin Release «l-0. Version fll. 25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: J 

^« (vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/032..3B3 

(B) FILING DATE:* I8-MAR-1993 

(vii) PRIOR APPLICATION DATA: 

(Ap APPLICATION NUMBER: US 08/089,985 
(Bj; FILING DATE: 08-JUL-1993 . 



15 



25 



(viii) ATTORNEY/AGENT INFORMATION: 
(A r NAME: Bencen, Gerard H 
<B) REGISTRATION NUMBER: 35,746 
to REFERENCE/DOCKET NUMBER: ie972y 

(ix) TELECC^UNICATION INFORMATION: 
(A> TELEPHONE: (908)594-3901 
tB)v TELEFAX: (908)594-4720 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
. (A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single . 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: CDNA 
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(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: It.. 

GTGTGCACCT CAAGCTGG 

(21 INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A> LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: lineal 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO . . 

(xi) SEQUENCE DESCRIPTION r SEQ ID N0:2: 
CCCTTTGAGA ATGTTGCACA TTC ^^23 
(2) INFORMATION FOR SEQ ID NOr3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH-: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS s. single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: . 

GGTACAAGAT CTACCATGCT TCTAACCGAG GTC 33 

(2) INFORMATION FOR SEQ ID Np:4: 

o« (i) SEQUENCE CHARACTERISTICS: 

CA) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single , 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA . 
(iii) HYPOTHETICAL: NO 



20 
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(iv) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION: SEQ ID 110:4: 
CCACATAGAT CTTCACTTGA ACCGTTGCAT CTGCAC . _ " 3 b 

(2) INFORMATION FOR SEQ ID NO:5:' 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nuc}eic acid 

(C) STRANDEDNESS : single 
. (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv)ANTI- SENSE: NO 

(xi) SEQUENCE DESCRIPTION! SEQ IDNOiBi 
CTATATAAGC AGAGCTCGTT TAG; ' . 23 

(2) INFORMATION FOR SEQ ID NO: 6: , 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPES nucleic acid 

(C) STRANDEDNESS: single 
^ (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cCNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: YES 

(Xi) SEQUENCfe DESCRIPTION: SEQ ID NO: 6: 
GTAGCAAAGA TCTAAGGACG GTGACTGCAG 30 
(2) INFORMATICS FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: - 

(A) LENGTH: ^9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single . 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEO ID N0:7: 
GTATGTGTCT* (GAAAATGAGC GTGGAGATTG GGCTCGCAC 
(2) INFORMATION FOR SEQ ID NO: 8: 

^ (i) SEQUENCE CHARACTERISTICS:. . 

(A) LENGTH: 39 base pairs 

(B) TypEr nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL:- NO 
(iv) ANTI-SENSE: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GTGCGAGCCC AATCTCCACG CTCATTTTCA GACACATAC 
(2) INFORMATION FOR SEQ ID NO: 9: 



15 



i^. (1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
- (B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY.: linear 

20 (ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

. (V) FRAGMENT TYPE: internal 



25 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Thr Tyr Gin Arg Thr Arg Ala Leu Val 
1 5 

(2) INFORMATION FOR SEQ ID NO:10: 

(1) SEQUENCE CHARACTERISTICS: 
30 LENGTH: 4432 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 



39 



39 
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(iy) ANTI-SENSE:' NO. 







(xi) SEQUENCE DESCRIPTION: SEQ ID KOrlO: 










TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG 


GAGACGGTCA 


60 




5 


CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG TCAGCGCGCG 


TCAGCGGGTG 


120 






TTGCCGGGTG TCGGGGCTGC CTTAACTATG CGGCATCAGA- GCAGATTGTA 


CTGAGAGTGC 


180 






AGCATATGCG GTGTGAAATA CCCCACAGAT GCCTAAGGAG AAAATACCGC 


ATCAGATTGG 


240 


1 




CTATTGGCCA TTGCATACGT TGTATCCATA TCATAATATG TACATTTATA 


TTGGCTCATG 


300 






TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT AATCAATTAC 


. 360 




10 


GCGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT ACAt;^CTTA CGGTAAATGG 


420 






CCCGCCTGGC TGACCGCCCA ACGACCCCCG CCCATTGACG TCAATAATGA 


CGTATGTTCC 


480 






CATAGTAACG CCAATAGGGA CTTTCCATTG ACGTCAATGG GTGGAGTATT taccgtaaac 


540 






TGCCCACTTC GCAGTACATG AACTGTATCA TATGCCAAGT ACGCCCCCTA 


TTGACGTCAA 


600 




15 


TGAGGGTAAA TGGCCCGCCT GGCATTATGC GCAGTACATG ACCTTATGGG 


ACTTTCCTAC 


660 


ll 


TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG GTGATGCGGT 


TTTGGCAGTA 


720 






CATCAATGGG. CGTGGATAGC GGTTTGACTC ACGGGGATTT CCAAGTCTCC 


accccattga 


780 






CGTCAATGGG AGTTTGTTTT GGCACCAAAA TCAACCGGAC TTTCCAAAAT 


ctcgtaacaa 


840 


• "i 
t 




CTCCGCCCCA TTGACGCAAA TGGGCGGTAG GCGTGIACGG TGGGAGGTCT 


atataagcag 


900 




20 


AGCTCGTTTA CTGAACCGTC AGATCGCCTG GAGACGCCAT CCACGCTGTT 


ttgacctcca - 


960 






. TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGCGAA CCGTGCATTG 


gaacgcggat 


1020 






TCCCCGTGGC AAGAGTGACG TAAGTAGCGC CTATAGAGTC TATAGGCCCA 


cccccttggc 


roBO' 






TTCTTATCa^. TGCTATACTG 'riVntSCCTT GGGGTCTATA CACCCCCGCT tCCTCATGTT 


1140 




25 


ATAGGTGATO GTATAGCTTA CCCTATAGGT GTGGGTTATT GACCATTATT 


gaccactccc 


1200 


f 

i .J 


CtATTGGTGA CGATACTTTC CATTACTAAT CCATAACATG GCTCTTTGCC ACAACTCTCT 


1260 






TTATTGGCTA TATGCCAATA CACTGTCCTT CAGAGACTGA CACGGACTCT 


gtatttttac 


1320 


i 




AGGATGGGGT CTCATTTATT ATTTACAAAT TCACATATAC AACACCACCG TCCCCAGTGC 


1380 


'.- 




CCGCAGTTTT TATTAAACAT AACGTGGGAT CTCCACGCGA ATCTCGGGTA 




1440 




30 


ACATGGGCTC TTCTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT 


CCtATGCCTC 


1500 






CAGCGACTCA TGGTCGCTCC GCACCTCCTT CCTCCTAACA GTGGAGGCCA 


gacttaggca 


1560 






CAGCACGATG CCCACCACCA CCAGTGTGCC GCACA^.GGCC GTGGCGGTAG 


GGTATGTGTC 


*. 162a 






TQAAAATGAG CTCGGGGAGC GGGCrrCCAC cgctg;*cgca TTTGGAAGAC TTAAGCCAGC 


1680 
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GGCAGAAGAA CATGCAGGCA GCTGACTTGT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC 17 4 0 

«■ . ■ ' . ' 

CGTTGCGGTG CTGTTAACGG TGGAGGGCAG TGTAGT^rTCA GCAGTACTCG TTGCTGCCGC 1800 

GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTC TTCCTTTCCA rGGCTCTTT? 1860 

CTGCAGTCAC CGTCCTTAGA TCTGCTGTGC . CTTCTAGTTG CCAGCCATCT GTTGTTTGCC 1920 

^ CCTCCCCCCT GCCTTCCTTG ACCCTGGAAC GTGCCACTCC CACTGTCCTT TCCTAATAAA 1980 

ATGAGGAAAT TGCATCGCAT TGTCTGAGTA GCTGTCATTC TATTCTGGGC GGTGGGGTGG 2040 

GGCA'GCACAG CAAGGGGGAG GATTGGGAAG ACAATAGCAG- GCATGCTGGG GATCCGGTGG 2100 

GCTCTATGGG TACCGAGGTG GTCAAGAATT GACCCGCTTC CTCCTGGGCC AGAAACAAGC 2160 

ACGCACATCC CCTTCTCTGT CACACACCCT CTCCACGCCC CTGGTTCTTA GT-TCCAGCCC 2220 

^0 CACTGATAGG ACACTCATAG CTCAGGAGGG CTCCGCCTTC AATCCCACCC GCTAAAGTAC 2280 

TTGGAGCGGT CTCTCCCTCC CTCATCAGCC CACCAAACCA AACCTAGCCT CCAAGAGTGG 2340 

GAAGAAATTA AAGCAAGATA - GGCTATTAAG TGCAGAGGGA GAGAAAATGC CTCCAACATG. 2400 

TGAGGAAGTA-ATGAGAGAAA TCATAGAATT TCTTCCGCTT CCTCGCTCAC TGACTCGCTG 2460 

15 CGCTCGGTCG TTCGGCTGCG GCGAGCGGTA TCAGCTCACT CAAAGGCGGT AATACGGTTA 2520 

* TCCACAGAAT CAGGGGATAA CGGAOGAAAG AACATGTGAG CAAAAGGCCA GCAAAAGGCC 2580 

AGGAACCGTA AAAAGGCCGC GTTGCTGGCG TTTTTCCATA GGCTCCGCCC CCCTGACGAG 2640 

CATCACAAAA ATCGACGCTC AAGTCAGAGG TGCCCA;ACC CGACAGGACT ATAAAGATAC 2700 

CAGGCGTTTC CCCCTGGAAG CTCCCTCGTG CGCTCTCICTG ITCCGAGCCT CCCGOT 2760 

20 

GGATACCTGT CCGCCTTTCT CCCTTCGGGA AGCGTGGCGC TTTCTCAATG CTCACGCTGT 2820 

AGGTATCTCA GTTCGGTGTA GGTCGTTCGC TCCAAGCTGG GCTGTCTGCA CGAACCCCCC 2880 

GTTCAGCCCG ACCGCTGCGC CTTATCCGGT AACTATCGTC TTGAGTCCAA CCCGGTAAGA 2940 

CACGACTTAT CGCCACTGGC AGCAGCCACT GGTAACAGGA TTAGCAGAGC GAGGTATCTA 3000 

2 g GGCGGTGCTA CAGAGTTCTT GAAGTGGTGG CCTAACTACG : GCTACACTAG AAGGACAGTA 3060 

TTTGGTATCT GCGCTCTGCT GAAGCCAGTT ACCTTCGGAA AAAGAGTTGG TAGCTCTTGA 3120 

TCCGGCAAAC AAACCACCGC TGGTAGCGGT GG Tl "mr i X? TTTX^CAAGCA GCAGATTACG 3180 

CGCAGAAAAA AAGGATCTCA AGAAGATCCT TTOATCTTTT, CTACGGGGTC TGACGCTCAG 3240 

TGGAACGAAA ACTCACGTTA AGGGATTTTG GTCATGAGAT TATCAAAAAG GATCTTCACC 3300 

30 TAGATCCrrr TAAATTAAAA ATGAAGTTTT AAATCAATCT AAAGTATATA TGAdTAAACT 3360- 

TGGTCTGACA GTTACCAATG CTTAATCAGT GAGGCACCTA TCTCAGCGAT CTGTCTATTT 3420 

CGTTCATCCA TAGTTGCCTG ACTCCCCGTC iSTGTAGATAA CTACGATACG GGAGGGCTTA 3480 

CCATCTGGCC CCAGTGCTGC AATGATACCG CGAGACCCAC GCTCACCGGC TCCAGATTTA 3540 
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TCAGCAATAA ACCAGCCAGC CGGAAGGGCC GAGCGCAGAA GTGGTCCTGC AACTTTATCC 3600 

GCCTCCATCC AGTCTATTAA TTGTTGCCGG GAAGCTAGAG TAAGTAGTTC GCCAGTTAAT 3660 

AGTTTGCGCA ACGTTGTTGC CATTGCTACA GGCATCGTGG TCTCACGCTC GtGGTTTGCT 3720 

ATGGCTTCAT TCAGCTCCGC TTCCCAACGA TCAAGGCCAC TTACATGATC GCCCATGTTG 3780 

TGCAAAAAAG CGCTTAGCTC" CTTCGGTCCT CCGATCGTTG TCAGAAGTAA. GTTCGCCGCA - 3840 

GTGTTATCAC TCATGGTTAT GGCAGCACTG CATAATTCTC TTACTGTCAT GCCATCCGTA 3900 

AGATGCtTTT CTGTGACTGG TGAGTACTCA ACCAAGTCAT TCTGAGAATA GrTGTATGCGG. . 3960 

CCACCGAGTT GCTCTTCCCC GGCGTCAATA CGGGATAATA CCGCGCCACA TAGCAGAACT ' 4020 

TTAAAAGTGC TCATCATTGG AAAACGTTCT TCGGGGCGAA AACTCTCAAG GATCTTACCG 4080 

CTGfTTGAGAT CCAGTTCGAT GTAACCCACT CGTGCACCCA ACTGATCTTC AGCATCTTTr 4140 

ACTTTCACCA GCGiTTCTGG GTGAGCAAAA ACAGGAACGC AAAATGCCGC AAAAAAGGGA 4200 

ATAAGGGCGX CACGGAAATG TTGAATACTC ATACTCTTCC TTTTTCAATA TTATTGAAGC 4260 

ATTTATCAGG GTTATTGTCT CATGAGCGGA tACATATTTG MtgTATTTA GAAAAATAAA 4320 

CAAATAGGGG TTCCGCGCAC ATTTCCCCGA AAAGTGCCAC CTGACGTCTA ACAAACCATT 4380 

ATtATCATGA CATTAACCTA TAAAAATAGG CGTATCACGA GGCCCTTTCG TC 4432 

(2) INFORMATION FOR SEQ ID NOrll: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTHj 2196 base pair? 
{BY TVPEi nucleic acid 
IC) STRANDEDNESS: double 
^ (D) TOPOLOGY: both 

(ii) MOLECULE TYPE i cDNA ' ■ 

(iii) HYPOTHETICALr NO 

Mv) ANtl^STENSE: NO 

. . (xi) SEQUENCE DESCRIPTION: SEQ IDNOrll: 

ATTGGCTATT GGCCATTGCA TACGTTGTAT CCATATCATA ATATGTACAT TTATATTGGC 60 

TCATGTCCAA CATTACCGCC ATGTTGACAT TGATTATTGA CtAGTtATTA ATAGTAATCA 120 

ATTACCGGGT CATTAGTTCA TAGCCCATAT ATGGAGTTCC GCGTTACATA ACTTACGGTA 180 

AATGGCCCGC CtGGCTGACC GCCCAACGAC CCCCGCCCAT TGACGTCAAT AATGACGTAT 240 

GTTCCCATAG TAACGCCAAT AGGGACTTTC CATTGACGTC AATGGGTGGA GTATTTACGG 300 

TAAACTGCCC ACTTGGCAGT ACATCAAGTG TATCA:?ATGC CAAGTACGCC CCCTATTGAC 360 

GTCAATGACG GTAAATOGCC CGCCTGGCAT TATGCCXTAGT ACATGACCTT ATGGGACTTT 420 
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CCTACTTGGC AGTACATCTA CGTATTAGTC 
CAGTACATCA ATGGGCGTGG ATAGCGGTTT. 
ATTGACGTCA ATOGGACTTT GTTTTGCCAC 
AACAACTCCG CCCCATTGAC GCAAATGGGC 
AGCAGAGCTC GTTTAGTGAA CCGTCAGATC 
CTCXIATAGAA GACACCGGGA CCGATCCAGC. 
CGGATTCCCC GTGCCAAGAG TGACGTAAGT 
TTGGCTTCtt ATGCATGC^TA TACTGTTTTT 
ATGTTATAGG TGATGGTATA GCTTAGCCTA 
CTCCCCTATT GGTGACGATA CTTTCCATTA 
TCTCTTTATT GGCTATATGC CAATACACTG 
TTTACAGGAT GGGGTCTCAT TTATTATTTA 
AGTGCCCGCA GTTTTTATTA AACATAACGT 
• TCCGGACATG GGCTCTTCTC CGGTAGCGGC 
GCCTCCAGCG ACTCATGGTC CCTCGGCAGC 
AGGCACAGCA CGATGCCCAC CACCACCAGT 
GTGTCTGAAA ATGAGCTCGG GGAGCGGGCT 
GCACCGGCAG AAGAAGATGC AGCCAGCTGA 
ACTCCCGTTG CGGTCCTGTT AACGGTGGAG 
GCCGCGCGCG CCACCAGACA TAATAGCTGA 
CTTTTGTGCA GTCACCGTCC TTAGATCTGC 
TTGCCCCTCC CCCGTGCCTT CCTTGACCCT 
ATAAAATGAG GAAATTGCAT CGCATTGTCT 
GGTCCGGCAG CACAGCAAGG GGGAGGATTG 
GGTGGGCTCT ATGGGTACCC AGGTGCTGAA 
GAAGCAGGCA CATCCCCTTC TCTGTGACAC 
AGCCCCACTC ATAGGACACT CATAGCTCAG 
AGTACTTGGA GCGGTCTCTC CCTCCCTCAT 
AGTGGGAAGA AATTAAAGCA AGATAGGCTA 
ACATGTGAGG AAGTAATGAG AGAAATCATA 
(2) INFORMATION FOR SEQ ID NO: 12 



ATCGCTATTA 

gactcacggg 
caaaatc:aac 

GGTAGGCrCTG 
GCCTGG/iGAC 
CTCCGCGGCC 
ACCGCCTATA 
GGCTTGGGGT 
TAGGTGTGGG 
CTAATCCATA 
TCCTTCACAG 
CAAATTCACA 
GGGATCTCCA 
GGAGGTTCTA 
TCCTTGCTCC 
CTGCCGCACA 
TGCACCGCTO 
GTTGTJ^-TGT 
GGCAGTGTAG 
CAGACTAACA 
TGTCCCTTCrr 
GGAAGGTGCC 
GAGTAGGTGT 
GGAAGACAAT 
GAATTGACCt 
ACCCTGTCCA 
GAGGGCTCCG 
CAGCCCACCA 
TTAAGTGCAG 
GAATTC 



CCATGGTGAT 
GATTTCCAAG 
GGGACTTTCC 
TACGGTGG.GA 
GCCATCCACG 
GGGAACGGTG 
GAGTCTATAG 
CTATACACCC 
TTATTGACCA 
ACATGGCTCT 
ACTGACACGG 
TATACAACAC 
CGCGAATCTC. 
CATCCGAGCC 
TAACAGTGGA 
AGGCCGTGGC 
ACGCATTTGG 
TCTGATAAGA 
TCTGAGCAGt 
GACTGTTCCT 
AGTTGCCAGC 
ACTCCCACTG 
CA.TTCTATTC; 
AGCAGGCATG 
GGTTCCTCCT 
CGCCCCTGGT 
CCTTCAATCC 
AACCAAACCT 
AGGGAGAGAA 



GCGGTTTTGG 
TCTCCACCCC 
AAAATGTCGT 
GGTCTATATA 
CTGTTTTGAC 
CATTGGAACG 
GCCCACCCCC 
CCGCTTCCTC 
TTATTGACCA 
TTGCCACAAC 
ACTCTGTATT 
CACCGTCCCC 
GGGTACGTGT 
CTGCTCCCAT 
GGCCAGACTT 
GGTAGGGTAT 
AAGACTTAAG 
GTCAGAGGTA 
ACTCGTTGCT 
TTCCATGGGT 
CATCTGTTGT 
TCCTTTCCTA 
TGGGGGGTGG 
CTGGGGATGC 
GGGCCAGAAA 
TCTTAGTTCC 
CACCCGCTAA 
AGCCTCCAAG ' 
AATGCCTCCA 



480 
540 
600 
. 660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
.1920 
1980 
2040 
2100 
2160 
2196 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 
(iii) HYPOTHETICAL: NO 
(iy) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GTCACCGTCC TTAGATCAAT TCCAGCAAAA GCAGGGTAGA TAATCACTCA CTGAGTGACA 60 
TCAAAATCAT G - - "71 

(2) INFORMATION FOR SEQ ID NO:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 117 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
(P) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA , , ^ , 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

" -- * ■ . 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 13: . 

ACCGTCCTTA GATCAGCTTG GCAAAAGCAG GCAAACCATT TGAATGGATG TCAATCCGAC 60 

CTTACTTTTC TTAAAACTGC CAGCACAAAA TGCTATAAGC ACAACTTTCC CTTATAC 117 

(2) INFORMATION FOR SEQ ID .NO:14: 

(i) SEQUENCE CHARACTERISTICS: 
. (A) LENGTH: 136 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
(b) TOPOLOGY t both ^ 

(ii) MOLECULE TYPE: cDNA, ... 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO \ . 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1.4: 
GTCACCGTCC TTAGATCAAT TCCAGCAAAA GCAGGGTGAC AAAAACATAA TGGATCCAAA 



60 
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CACTGTGTCA AGCTTTCAGG TAGATTGCTT TCTTTGGCAT GTCCGCAAAC. GACTTGCAGA i20 



CCAAGAACTA GGTGAT 

(2) INFORMATION FOR SEO ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 152 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



136 



(xi) SEQUENCE DESCRIPTION: SBQ ID N0:15:- 
TCTGCAGTCA CCGTCCTTAG ATCAGCTTGG AGCAAAAGCA CGGGAAAATA AAAAGAACCA 60 
AAATGAAGGC AAACCTACTG GTCCTGTTAA GTGCACTTGC AGCTGCAGAT GCAGACACAA 120 
TATGTATAGG CTACCATGCG AACAATTCAA CC . * :jj^52 
(2) INFORMATION FOR SEQ ID NO:16: 

tl) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 162 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

' J ' ^ (D) TOPOLOGY: both ' . 

tii) MOLECULE TYPE: cDNA= 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO • 

2^ (xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: • 

TTTTCTGCAG TCACCGTCCT TAGATCCCGA ATTCCAGCAA AACCAGGTCA ATTATATTCA 60 

ATATGGAAAG AATAAAAGAA CTAAGAAATC TAATGTCGCA GTCTGCCACC CCGGAGATA 120 
TCACAAAAAC CACCGTGGAC CATATGGCCA .TAATCAAGAA GT ■• • i 

(2) INFORMATION FOR SEQ ID NO:17: • . . 



(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 122 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
(p) TOPOLOGY: both 

fii) MOLECULE TYPE: cDNA 
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(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID ND:17: 
GTCACCGTCC TTAGATCTAC CATGAGTCTT. CTAACC3AG.G TCGAAACGTA CGTACTCTCT 60 
ATCATCCCGT CAGGCCCCCT CAAAGCCGAG. ATCGCACAGA GACTTGAAGA GTTGACGGAA 120 
GA . 
(2) INFORMATION FOR SEQ ID NO.- 18: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 4864 base pairs 

(B) TYPEt nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA , 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE:- NO 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:18: 

TCOCGCGTTT CGGTGATGAC GGTGAAAACC TCTGAC\CAT GCAGCTCCCG GAGACGGTCA 60 

CAGCTTCTCT CTAAGCGCAT GCCCGGAGCA GACAACZCCC TCAGGCCGCG . TGAbCGCGTG . 120 

20 TTGGCGGGTG TCGGGGCTGG CTTAACTATG CGGCATZAGA GCAGATTGTA CTGAGAGTGC IBO 

ACCATATGCG GTGTGAAATA CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGATTGG 240 

CTATTGGCCA TTGCATACGT TGTATCCATA TCATAATATG TACyVTTTATA TTCGCTCATC . 300 

TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT AATCAATTAC 360 

GCGGTCATTA GTTCATAGCC CATATATGGA GTTCCGCGTT ACATAACTTA CGGTAAATGG . 420 

CCCGCCTGOC TGACCGCCCA ACGACCCCCG CCCATTGACG TCAATAATGA CGTATGTTCC 480 

CATAGTAACG CCAATAGGGA CTTTCCATTG ACGTCAATGG GTGCAGTATT TACGGTAAAC ' - 540 

TGCCCACTTG GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTGACGTCAA 600 

TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTATGGG ACTTTCGTAC ^ 660 

TTCGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG GT^ , 720 

CATCAATGGG CGTGGATAGC . GGTTTGACTC ACGGGGATTT GCAAGTCTCC AGCCCATTGA . 780 

CGTCAATGGG AGTITGTTTT GGCACCAAAA TCAACGGGAC TTTCCAAAAT GTCGTAACAA 840 

CTCCGCCCCA TTGACGCAAA TGGGCGCTAG GCGTGTACGG TGGGAGGTCT ATATAAGCAG 900 
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AGCTCGTTTA 
TAGAAGACAC 
TCCCCGTGCC 
TTCTTATGCA 
ATAGGTGATC 
CTATTGGTGA 
TTATTGCCTA 
AGGATCGGGT 
CCGCAGTTTT 
ACATGGGCTC 
CAGCGACTCA 
CACCACGATG 
TGAAAATGAG 
GGCAGAAGAA 
: CGTTOCfeGTG 
GCGCGCCACC 
CTGGAGTCAC 
CCTCCCCCGT 
ATGAGGAAAT 
GGCAGCACAG 
GCTCTATOGG 
AGGCACATCC 
GACTCATAGG 
TTGGAGCGGT 
GAAGAAATTA 
TGAGGAAGTA 
CGCTCGGTCG 
TCCACAGAAT 
AGGAACCGTA 
CATCACAAAA 
GAGGCGTTTC 



CTGAACCGTC 
CGGGACCGAT 
AAGAGTGACG 
TGCTATACTG 
GTATAGCTTA 
CGATACTTTC 
TATGCCAATA 
CTGATTTATT 
TATTAAACAT 
TTCTCCGGTA 
TGGTCGCTCG 
CCCACCACCA 
CTCGGGGAGC 
GATGCAGGCA 
CTGTTAACGG 
AGACATAATA 
CGTCCTTAGA 
GCCTTCCTTG 
TGCATCGCAT 
CAAGGGGGAG 
TACCXJAGGTG 
CCTTGTCTGT 
ACACTCATAG 
CTCTCCCTCC 
AACCAACAl^A 
ATGAGAGAAA 

ttcggctgcg 
caggggataa 
aaaaggccgc 
atggacgctc 

CCCCTGdAAG 



AGATCGCCTG 
CCAGCCTCCG 
TAAGTACCGC 
TTTTTGGCTT 
GCCTATAGGT 
CATTACTAAT 
CACTGTCCTT 
ATTTACAAAT 
AACGTGGGAT 
GCGGCGGAGC 
GCAGCTCCTT 
CCAGTGTGCC 
GGGCTTGCAC 
GCTGAGTTGT 
TGGAGGGCAG 
GCTGACAGAC 
TCTGCTGTGC 
ACCCTGGAAG 
TGTCTGAGTA 
GATTGGGAAG 
CTGAAGAATT 
GACACACCCT 
CTCAGGAGGG 
CTCATGAGCC 
GGCTATTAAG 
TCATAGAATT* 
GCGAGCGGTA 
CGCAGGAAAG 
GTTGCTGGCG 

Aagtcagagg 

CTCCCTCGTG 



gagacgccat 
cggccgggaa 
ctatagagtc 
ggggtcpata 
gtgggtpatt 

I 

CCATAACATG 
GAGAGACTGA 
TCACATATAC 
CTCCACGCGA 
TTCTACATCC 
GCTCCTAACA 
GCACAAGGCC 
CGCTGACGCA 
TGTGTTCTGA 
TGTAdtCTGA 
TAACAGACTG 
CTTCTAGTTG 
GTGCCAtrrCC 
GCTGTC^TTC 
ACAATAGCAG 
GACCCGGTTC 
dtCCACGCCC 
CTCCGCCTTC 
CACCAAACCA 
TGCAGAGGGA 
TCTTGCGCTT 
TCAGCTCACT. 
AACATGTGAG 
TTT7TCCATA 
TGGCGAAACC 
CGCTCtCCTG 



CCACGCTGTT TTGACCTCCA 960 

CGGTGCATTG GAACGCGGAT 1020 

TATAGGCCCA CCCCCTTGCC . 1080 

CACCCCCGCT'TCCTCATGTT 114 0 

GACCATTATT GACCACTCCC 1200 

GCTCTTTGCC ACAACTCTCT 12^0 

CACGGACTCT GTATTTTTAC 1320 

AACACCACCG TCCCCAGTGC 1380 

ATCTCGGGTA CGTGTTCCGG 1440 

GAGCCCTGCT CCCATGCCTC 1500 

GtGGAGGCCA GACTTAGGCA 1560 

GTGGCGGTAG GGTATGTGTC 1620 

TTTGGAAGAC TTAAGGCAGC 1680 

TAAGAGTCAG AGGTAACTCC 1740 

GCAGTACTCG TTGCTGCCGC 1800 

TTCCTTTCCA TGGGtCTTTT 18.60 

CCAGCCATCT GTTGTtTGCC 1920 

CACtGTCCTT TCCTAAtAAA 1980 

TATTCTGGGC GGTGGGGTGG 2040- 

GCATGCTGGG GATGCGGTGG 2 i 00 

CTCCTGGGCC AGAAAGAAGC 2160 

CtGGTtcrrTA CTtCCAGCCC 2220 

AATCCCACCC GCTAAACSTAC 2280 

AACCTAGCCT CCAAGAGTGG 2340 

GAGAAAATGC CTCCAACAtG - 2 4 66 

CCTCGCTCAC TGACTCGCTG 2460 

CAAAGGCGGT AATACGGTTA 2520 

CAAAAGGCCA GCAAAAGGCC 2580 

GGCTCCGCCC CCCTGACGAG 264 0 

CGACAGGACT ATAAAGATAC 2700 

TTCCGACfcCT GCCGCTTACC 2760 
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GGATACCTCT, CCCCCTTTCT CCCTTCGGGA AGCGTGGCGC TTTCTCAATG CTCACGCTGT 2820 

AGGTATCTCA GTTCGGTGTA GGTCGTTCGC TCCAAGCTGG GCTGTGTGCA CGAACCCCCC 2860 

GTTCAGCCCG ACCGCTGCGC CTTATCCGGT AACTATCGTC TTGAGTCCAA CCCGGTAAGA . ,294 0 

CACGACTTAT CGCCACTGGC AGCAGCCACT GGTAAC/iCGA TTAGCAGAGC GAGGTATGTA .3000 

GGCGGTGCTA CAGAGTTCTT GAAGTGGTGG CCTAACTACG GCTACACTAG AAGGACAGTA 3060 

TTTGGTATCT GCGCTCTGCT GAAGCCAGTT ACCTTCGGAA AAAGAGTTGG TAGCTCTTGA 3120 

TCCGGCAAAC AAACCACCGC TGGTAGCGGT GGTTTTTTTG TTTGCAAGCA GCAGATTACG .3180 

CGCAGAAAAA AAGGATCTCA AGAAGATCCT TTGATCTTTT CTACGOCGTC TGACGCTCAG 3240 

TGGAACGAAA ACTCACGTTA AGGGATTTTC GTCATGAGAT TATCAAAAAG GATCTTCACC 3300 

^ TAGATCCTTT TAAATTAAAA ATGAAGTTTT AAATCAATCT AAAGTATATA TGAGTAAACT 3360 

TGCTCTGACA GTTACCAATG CTTAATCAGT GAGCCACCTA TCTCACCCAt CTGtCTATTT 3420 

CGTTCATCCA TAGTTGGCTG ACTCCGGGGG GCGGGGGCGC TGAGCTCTGC ' CTCC^ 3480 

AGGTGTTGCT GACTCATACC ACGCCTGAAT CGCCCCATCA TCCAGCCAGA AAQTGAGGGA 3540 

g GCCACGGTTG ATGAGAGCTT TGTTGTAGGT GGACCyVGTTG CTGATTTTGA A<n*TTTGCTT .3600 

TGCX:ACGGAA CGGTCTGCGT TGTCGGGAAG ATGCGTGATC TOAICGTTCA ACTCAGC^ 3660 

AGTTCGATTT ATTCAACAAA GCCGCCGTCC CGTCAAGTOV <X:GTAATGCT CTGCCAGTGT 3720 

TACAACCAAT TAACCAATTC TGATTAGAAA AACTCATCGA GCATCAAATG AAACTiSCAAT 3780 

TTAtrCATAT.CACGATTATC AATACCATAT TTTTGAAAAA GCCCTTTCTG TAATGAAGGA 3840 

^ GAAAACTCAC CGAGGCAGTT -CCATAGGATG GCAAGA7CCT GGTATCGGTC TGCGATTCCG 3900 

ACTCCTCCAA CATCAATACA ACCTATTAAT TTCCCCTCGT CAAAAATAAG GTTATCAAGT 3960 

GAG^AATCAC CATGAGTGAC GACTGAATCC GGTGAGAATG GCAAAAGCTT ATCCyVTTTCT 4020 * 

. , TTCXrAGACTr GTTCAACAGG CCAGCCATTA CGCTCGTCAT CAAAATCACT CGCATCAACC 4080 

^ AAACCGTTAT TCATTCGTGA TTGCGCCTGA GCGAGACGAA ATACGCGATC GCTGTTAAAA 4140 

CGACAATTAC AAACAGGAAT CGAATGCAAC CGCCGCACGA APACTGCCAG CGCATCAACA 4200 

•T^TATTTTCAC CTGAATCAGG ATATTCTTCT AATACCTGGA ATGCTGTlTT CCCGGGGATC 4260^ 

GCAGTGGTGA GTAACCATGC ATCATCAGGA GTACGGATAA : AATGCTTGAT GGTCGGAAGA 4320 

^ _ GGCATAAATT CCGTPAGCCA GTTTAGTCTG ACCATCTCAT CTGTAACATC ATTGGCAACG 4380 

^ CTACCTTTGC. CATGTTTCAG AAACAACTCT GGCGCATCGC GCTTCCCATA CAATCGATAG . 44 40 

ATTGTCGCAC CTGATTGCCC GACATTA'TCG . CGAGCCCATT TATACCCATA TAAATCAGCA 4500 

TCCATGTTGG AATTTAATCG CGGCCTCGAG CAAGACGTTT . CCCGTTGAAT ATGGCTCATA 4560 

ACACCCCTTG TATTACTiSTT TATGTAAGCA GACAGTOTTA TTGTTCATGA TGATATATTT 4620 
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TTATCTTGTG CAATGTAACA TCAGAGATTT TGAGACAGAA CGTGGCTTTC CCCCCCCCCC 4 680 
CATTATTGAA GCATTTATCA GCGTTATTGT CTCATGAGCG GATACATATT TGAATGTATT 4740 
TAGAAAAATA AACAAATAGG GGTTCCCCGC ACATTTCCCC GAAAAGTGCC ACCTGACGTC 4800 
TAAGAAACCA TTArTATCAT GACATTAACC TATAAAAATA GGCGTATCAC GAGGCCCTTT 4860 
CGTC - 

4864 

(2) INFORMATION FOR SEQ ID N0:19: 

(1) SEOUENCB CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear - 

(il) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO * 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
AGGAGAAGCA GAGCA 

(2) INFORMATION FOR SEQ ID NO:20: 

(i) ^SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 base-pairs 

(B) TYPE: micleic acid 
20 '^^ STRANDEDNESS: double 

(D) TOPOLOGY: both 
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(ii) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL t NO 
(iv) ANTI-SENSEs NO 



(Xi). SEQUENCE DESCRIPTION: SEQ ID NO:20: 
TCACCGTCCT TAGATCAAGC . AGGCTOAATA ATCACTCACT GAGTGACATC AAAATCATGG . 60 

CGTCCCAAGG^CACCAAACGG TCTTATGAAC AGATGGAAAC TCATGGGGAA CGCCAGATT • 119 
(2) INFORMATION FOR SEQ ID Nb:21: 

(i) SEQUENCE CHARACTERISTICS: . 
(A) LENGTH: 67 base pairs 
.(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGYr both 

(li) MOLECULE TYPE = cDNA .... 
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(iii) HYPOTHETICAL: NO . 
(iv) ANTI-SENSE: YES 

(Xi) SEQUENCE DESCRIPTION! SEQ IDN0:21i 

GAGGGGCAAA CAACAGATGG CTGGCAACTA GAAGGCACAG CAGATATTTT TTCCTTAATT . 60. 

GTCGTAC 67 

{2) INFORMATION FOR SEO ID NO:22: ' 

ti) SEQUENCE CHARACTERISTICS:. 
(A) LENGTH: 15 base pairs 
.{B) ,TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(b) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO - 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ /ID; NO: 22: ' : ; , '7: 

AGCAGAAGCA CGCAC : 15 

(2) INFORMATION FOR SEQ ID NO:23: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS^ sin&le 

(D) TOPOLOGY: linear. 1 ' 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) S^um:E DESCRIPTION: SEQ ID NO: 23: 
AGCAGAAGCA CAPCA > 15 

(2) INFORMATION FOR SEQ ID NO:24: 

[i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
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(iii) HyPOTHETICAL: No' 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
CCTTAGATCG GAAATAAAAA CAACCAAAAT GAA 
(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: hoth 
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(ii) MOLECULE .TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSEs YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
GCAGATCCTT ATATTTCTGA AATTCTGGTC TCAGAT 3g 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 base pairs 

(B) TYPE: nucleic acid 
20 STRANDEDNESS: double 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA - 
(ill) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 
ACCGTCCTTA GATCCAGAAG CAGAGCATTT TCTAATATCC ACAAAATGAA OGCAATAATT 60 
GTACTACTCA TGGTAGTAAC ATCC/VACGCA GATCGAATCT GC : 
(2) INFORMATION FOR SEQ ID NOi27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs ' 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSr double 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA . 
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(iii) HYPOTHETICAL? NO 
(iv) ANTI -SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
GGCACACCAG ATCTTTCAAT AACGTTTCTT TGTAATCGTA AC * .. " . 42 

^2). INFORMATION FOR SEQ ID NO:28.: 

(1) SEQUENCE CHARACTERISTIC&s 

(A) LENGTH: 23 base pairs : ' ) 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ IDN0:28: 
CTAACAGACT GTTCCTTTCC ATG r 23 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IB base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSi single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

I 

(iy) ANTI-SENSEs YES 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:29: 

GGAGTGGCAC (TTTCCAGG 18 

(2) INFORMATION FOR SEQ ID N6:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear ' 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO . : ,:. 
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(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ' ID N0:30: 
AGCAAAAGCA GG 

(2) INFORMATION FOR SEQ ID NOr31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: X4 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSr single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
I iii) HYPOTHETICAL: NO . 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
AGCAGAAGCG GAGC 14 
(2) INFORMATION FOR SEQ ID NO:32s t:; 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSr both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

25 f3ti) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

CCACATGTCG ACCCGTAAAA AGGCCGCGTT GCTGG 35 
(2) INFORMATION FOR SEQ ID NOr33t 

(i) SEQUENCE CHARACTERISTICS:: 

(A) LENGTH: 33 base pairs / 

(B) TYPE: nucleic acid 
on STRANDEDNESS : both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 
GGTACAACCA TGAAGACTAT CATTGCTTTG AGC 33 
(2) INFORMATION FOR SEQ ID NO: 34: 

{ i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 37 base pairs 

(B) TYPEs nucleic acid 

(C) STRANDEDNESS r both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii). HYPOTHETICAL: NO 

(iv) ANTI-SENSEt NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34J . 
CCACATAGAT CTTCAAATGC AAATGTTGCA CCTAATG 37 
(2) INFORMATION FOR SEQ ID NO: 35: 

(!) SEQUENCE CHARACTERISTICS: l:- . 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY r linear 

(ii) MOLECULE TYPE* cDNA « 
(iii) HYPOTHETICAL:' NO 
(iv) ANTI-SENSE: NO . 

(xi) SEQUENCE DESCRIPTION: SEQ ID KOj35t . 
GGTACAACCA TGAAAGCAAA ACTACTAGTC CTGTTATG 38 
(2) INFORMATION FOR SEQ ID NO:36: 

d) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) . TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA - 

(iii) HYPOTHETICAL! NO 
(iv) ANTI-SENSE: NO 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36 : 
CCACATTCAG ATGCATATTC TACACTGCAA AG 
(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: - 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid , • . 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear • 

- (ii) MOLECUL-E TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
(iv) ANTi- SENSE: NO 

(xi.) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 
. GGTACAACCA TGAAGGCAAT AATTGTACTA CTCATG * * 
(2) INFORMATION FOR SEQ ID N0:3e: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: -nucleic acid 
tC) STRANDHJNESS: both 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDJ4A 

(lil) HYPOTHETICAL: NO 

(iv) ANTI-SENSEr NO 
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(xi) SEQUENCE. DESCRIPTION: SEQ ID NO: 38: 
CCACATTTAT AGACAGATGC AGCiAACAAAC ATTGTC 
25 (2) INFORMATION FOR SEQ ID NO:39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 
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(ii)* MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 
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GGTACAAGAT CTACCATGCT TCTAACCGAG GTG . 
(2) INFORMATION FOR SEQ ID N0:40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both . . 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(lii) HYPOTHETICAL: NO 
(iv) ANTI-SENSEt NO 

(Xl) SEQUENCE DESCRIPTION: SEQ ID N0j4Gs 
CCACATAGAT CTTCACTTGA AGCGTTGCAT CTGCAC 36 
(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS! 

(A) . LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:41: 
GCTACAGCAT CCACCATGTC CAACATGGAT ATTG/kCGGC 39 
(2) INFORMATION FOR SEQ ID NO:42: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 39 base pairs . ' 

(B) TYPE: nucleic acid . . 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42: 
CCACATGCAT CCTTAATAAT CGAGGTCATC ATAATCCTC 39' 
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(2) INFORMATION FOR SEQ ID NO: 43: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 
tC) STRANDEDNESS: both 
(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: cDNA . " 

. (iii) HYPOTHETICAL: NO 

(iv) AOTI-SfENSE: NO 

txi) SEQUENCE DESCRIPTION: SEQIDNO:43: 
GGTACAGGAT CCACCATGTC GCTGTTTGGA GACACAATTC CC 42 
(2) INFORMATION FOR SEQ ID NO: 44; 



(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 
25 (D) TOPOLOGY: linear 

(li) MOLECULE* TYPE: cDNA 

'"^Uii) HYPOTHETICAL: NO 

. (iv) ANTI- SENSE: NO 

20 

txi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 

CCACATGGAT CCTTATAGGT ATTTCTTCAC AAGAOrTG 

(2) INFORMATION FOR SEQ ID NO:45: 

(i) SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 3553 base pairs . 
25 tS) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: both 

(li) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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txi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 
GATATTGGCT- ATTGGCCATT GCATACGTPG ■ TATCCATATC ATAATATGTA CATTTATArrP 60 
GGCTCATGTC CAACATTACC GCCATGTTGA CATTbATTAT TCACTAGTTA rTAATA-GTAA- 120 
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TCAATTACGG GGTCATTAGT TCATAGCCCA TATATGGAGT TCCGCGTTAC ATAACTTACG .180 

GTAAATGGCC CGCCTGGCTG. ACCGCCCAAC GACCCCCGCC CATTGACGTC AATAATGACG 240 

TATGTTCCCA TAGTAACCCC AATAGGGACT TTCCATTGAC GTCAATGGGT GGAGTATTTA 300 

.CGGTAAACTC CCCACTTGGC AGTACATCAA GTGTATCATA TGCCAAGTAC GCCCCCTATT 360 

GACGTCAATG ACGGTAAATG GCCCGCCTGG. CATTATGCCC AGTACATCAC CTTATGGGAC 420 

TTTCCTACTT GGCAGTACAT CTACGTATTA GTCATCGCTA TTACCATGGT GATGCGGTTT 480 

TG'GCAGTACA TCAATGGGCG TGCATACCGG TTTGACTCAC GCGCATTTCC AAGTCTCCAC 540 

CCCATTGACG TCAATGGGAG TTTGTTTTGG CACCAAAATC AACGGGACTT TCCAAAATGT 600 
CGTAACAACT QCGCCCCATT GACGCAAATG GGCCGTAGGC GTGTACGGTG GGAGGTCTAT 660 

ATAAGCAGAG CTCGTTTACT GAACCGTCAG ATCGCCTGGA GACGCCATCC AcjcCTGrTTT 720 
GACCTCCATA GAAGACACCG GGACCGATCC AGCCTCCGCG GCCGCCAACG CTGCATTGGA. 780 
ACGOKSATTC CCCGTGCCAA GAGTGACGtA AGTACCGCGT.ATAGAGTCTA TAGC^ 840 
CCCTTGGCTT CTTATGCATG CTATACTGTT TTTGGCTTGG GGTCTATACA CCCCCGCTTC 500 
CTCATGTOAT AGGTGATGGT ATAGCTTAGC CTATAGGTGT GGGTTATTCA CCATTATTGA 960 

CCACTCCCCT ATTGGTGACG ATACTTTCCA TTACTAATCC: ATAACATGGC,,TCTTTGOCAC 1020 

AACTCTCTTT ATTGGCTATA TGCCAATACA CTGTCCTTCA GAGACTGACA - CGGACTCTGT 1080 

ATTTTTACAG CATGGGGTCT CATTTATTAT TTACAAATTC ACATATACAA CACCACCGTC 1140 

CCCAGTGCCC GCAGiTTTTA. TTAAACATGC TAACGTGCGA TCTCCACGCG AATCTCGGGT 1200 

ACGTGTTCCG GACATGGGCT CTTCTCCGGT AGCCGCGGAG CTTCTACATC CQAGCCCTGC 1260 

TCCCATGCCT CCACCGACTC ATCGTCGCTTC GGCAtJCTCGT TGCTCCTA^ AGTGGAOGCC ,1320 

AGACTTAGGC ACAGCACGAT GCCCACCACX; ACCA6TGTGC ^CGCACAAGGC CGTGGCGGTA . 1380 

CGGTATGTiGT CTGAAAATCA GCTCGC5CGAG CGGCCTTGeA CCGCTGAeGC ATTTGGAAGA 1440 

CTTAAGGCAG CCGCAGAAGA AGATGCAGGC AGCTGAGTTG CTGTqTTCTG ATAAGAGTCA 1500 

GAGGTAACTC CCGTTGCGGT GCTGTTAACG. GTGGAGGGCA CTGTAGTCTG AGCAGTACTC 1560 

GTTGCTQCCG CGCGCGCCAC. CAGACATAAT AGCTGACAGA CTAACAGACT GTTCCTTTCC 1620 

ATGGGTCTTT TCTGCAGTCA CCGTCCTTAG ATCTGCTGTG . CCTTCTAGTT GCCAGCCATC 1680 

TGTTGTTTGC CCCTCCCCCG TGCfCTTCCTT GACCCTCGAA GGTGCCACTC CCACTGTCCT 17 40 

TTCCTAATAA AATQAGOAAA TTGCATCGCA TTGTCTGAGT AGGTGTCATT CTATTCTGGG 1800 

GGGTGGGGTG GGGCAGCACA GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTGG 1860 
GGATGCCGTG GGCTCTATGG GTACGGCCGC AGCGGCCGTA CCCAGiGTGCT GAAGAATTGA - 1920 

CCCGGTTCCrr CGACCCGTAA AAAGGCCGCG TTGCTGGCGT TlTl'CCATAG . GCTCCGCCCC 1980 
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CCTGACGAGC AtCACAAAAA TCGACGCTCA . AGTCAGAGGT 
TAAAGATACC AGGCGTTTCC . CCCTGGAAGC TCCCTCGTGC 
CCGCTTACCG GATACCTGTC CCCCTTTCTC CCTTCGGGAA 
TCACGCTGTA GGTATCTCAG TTCGGTGTAG GTCGTTCGCT 
GAACCCCCCG TTCAGCCCGA CCGCTGCGCC TTATCCGGTA 
CCGGTAAGAC ACGACTTATC GCCACTCGCA GCAGCCACTG 
AGGTATGTAG GCGGTGCTAC AGAGTTCTTG AAGTGCTGGC 
TGAAGGACAG TATTTGGTAT CTGCGCTCTG CTGAAGCCAG 
GGTAGCTCTT GATCCGGCAA ACAAACCACG GCTGGTAGCG 
CAGCAGATTA CGCGCAGAAA AAAAGGATCT CAAGAAGATC 
TCCCGTAATG CTCTGCCAGT GTTAOLACGA ATTAACCAAT 
GAGCATCAAA TGAAACTGCA ATTTATTCAT ATCAGGATTA 
AAGCCGTTTC TGTAATGAAG GAGAAAACTC ACCGAGGCAG 
CTGGTATCGG TCTGCOAtTC CGAGTCGTCC AACATCAATA 
GTGAAAAATA AGGTTATCAA GTGAGAAATC ACCATGAGTG 
TGGChPJiAGC TTATGCATTT CTTTCCAGAC TTGTTCAACA 
ATCAAAATCA CTCGCATCAA CCAAACCGTT ATTCATTCGT 
AAATACGCGA TCGCTGTTAA AAGGACAATT ACAAACAGGA 
GAACACTGCC AGCGCATCAA CAATATTTTC ACCTGAATCA 
GAATGCTGTT TTCCCGGGGA TCGCAGTGGT GAGTAACCAT 
AAAATGCTTG ATGGTCGGAA GAGCCATAAA TTCCGTCAGC 
ATCTGTAAdlv TGATTGCC^ CGCTACCTtt GCCATGTTTC 
GGGCTTCCCA~ TACAATCGAT' AGATTGTCGC ACCTGATTGC 
TTTATACCCA TATAAATCAC CyiTCGATCrTT GGAATTTAAT 
TTCCCGTTGA ATATGCCTCA TAACACGCCT TGTATTACTG 
TATTGTTCAT GATGATATAT TTTTATCTTG TGCAATGTAA 
AACGTGGCTT TCC - 

(2) INFORMATION FOR SEO ID NO: 46: 

( i ) . SEQUENCE CHARACTERISTICS: 
(A> LENGTH: 72 base pairs 
(B) tyPE: nucleic acid 
{C) STRANDEDNESS: both 
(D) TOPOLOGY I both 



GGCGAAACCC 
GCTCTCCTGT- 
GCGTGGCGCT 
CCAAGCTGGG 
ACTATCGTCT 
GTAACAGGAT 
CTAACTACGG 
TTACCTTCGG 
GTGGTTTTTT 
CTTTGATCTT 
TCTGATtAGA 
TCAATACCAT 
TTCCATAGGA 
CAACCTATTA 
ACGACTGAAT 
GGCCAGCCAT 
GATTGCCCCT 
ATCGAATCCA 
GGATATFCTT 
GCATCATCAG 
CAGTTTAGTC 

agaAacaact 
ocgacattat 

CCCGCCCTCG 
TTTATGTAAG 
CATCAGAGAT 



GACAGGACTA 
TCCGACCCTG 
.TTCTCAATGC 
CTGTGTGCAC 
TGAGTCCAAC 
TAGCAGAGCG. 
CTACACTAGC 
AAAAAGAGTT 
TGTTTGCAAG 
TTCTACGTGA 
AAAACTCATC 
ATTTTTGAAA 
TGGCAAGATC 
ATTTCCCCTC 
CCCGTGAGAA 
TACGCTCGTC 
GAGCGAGACG 
ACCGGCGCAG 
CTAATACCTG 
GAGTACGGAT 
TGACCATCTC 
CTGGCGCATC 
CGCGAGCCCA 
AGCAAGACOT 
CACACAGTTT 
TTTGAGACAC 



2040 
2100 
2160 
2220 
2280 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2680 
2940 
3000 
3060 
il20 
31B0 
3240 
3300 
3360 
3420 
3480 
3540 
.3553 
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iii) MOLECULE TYPE: cD^3A 
(iii) HYPOTHETIGAU: NO 

. (iy) ANTI-SENSE: NO - - .. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:46: 
TCACCGTCCT TAGATCGGTA CAACCATGAA GACTA'TCATT GCTTTGACCT ACATTTTATG 60 
TCTGGTTTTC GC 72 
(2) INFORMATION FOR SEQ ID NO: 47 1 

(1) SEQUENCE CHARACTERISTICS? 

(A) LENGTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA ! : 

(iil) HYPOTHETICAb: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47 : - 
TCATGCTTTT TGCTTTCTGT TGTTTTGCTG GGGTTCATCA TGTGGGGCTG CCAAAAAGGC . 60 

AACATTAGGT GCAACATTTG CATTTCAAGA TCTATGTGGG ATCTGCTGTG C 111 
20 (2) INFORMATION FOR SEQ ID NO: 48: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 63 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 



(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTOETiCAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

. TTAGATCGGA ACATGAAAGC AAAACTACTA GTCCTGTTAT GTGCATTTAC AGCTACATAT 60 

OCA r 63 

(2) INFORMATION FOR SEQ ID NO:49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH t 102 base pairs 
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tB) .TYPE: nucleic acid 
. . (C) STRANDEDNESS: double 
(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID'NO:49; 

CTGGTGCTTT TGGTCTCCCT GGGGGCAATC AGCTTCTGGA TGTGTTCTAA TGGGTCTTTG. ' 60 

CACTGTAGAA TATGCATCTG AATGTGGGAT CTGCTGTGCC TT 102 
(2) INFORMATION FOR SEO ID NO:50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHi 108 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSEs NO 



<xl) SEQUENCE DESCRIPTION: SEQ IDNO:50: 
2Q CCTTAGATCG 'GTACAACCAT GAAGGCAATA ATTGTACTAC TCATGGTAGT AACATCCAAC 60 
• GCAGATCGAA TCTGCACTGG GATAACATCT. TCAAACTGAC CTCATGTG IQS 
(2) INFORMATION FOR SEQ ID NO:51: 



(i) SEQUENCE CHARACTERISTICSr 

(A) LENGTH:. 102 base pairs 

(B) TYPE:* nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii). HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 



(Xl ) SEQUENCE DESCRIPTION: SEQ- ID NO: 51 : 
TTGGCTGTAA CATTGATGAT AGCTATTTTT ATTGTTTATA TGGTCTCCAG AGACAATGTT 60 
TCTTGCTCCA TCTGTCTATA AATGTGGGAT. CTGCTGTGCC TT . 
(2) INFORMATION -FOR SEQ ID NO: 52: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 84 base pairs 

(B) TYPE: nucleic acid 
■ (C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA . - - 
(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSEj NO 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NOt52: 
GTCCTTAGAT CCACCATGGC GTCCCAAGGC ACCAAACGGT CTTATGAACA GATGGAAACT 60 
GATGGGGAAC GCCAGAATGC AACT ^4 
(2) INFORMATION FOR SEQ ID NO: 53: 

(i) SEQUENCE CHARACTERISTICS: \ 

(A) LENGTH: lOB base pairs 

(B) TYPEr nucleic acid 
iC) STRANDEDNESS: both 
(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICALs NO 

(iv) ANTI- SENSE: NO ' " 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 53: 
GAAAAGGCAA CGAACCCGAT CGTGCCCTCT TTTGACATGA CTAATGAAGG ATCTTATTTC 60 
TTCGGAGACA ATGCAGAAGA GTACGACAAT TAAGCyiTCTG CTGTGCCT . 108 
(2) INFORMATION FOR SEQ ID NO: 54 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 132 base pairs " 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both. 

(D) TOPOLOGY : . both 

t ■ ' ' ' ' 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:54: . 
' CTTAGATCCA" GATCTACCAT GAGTCTTCTA ACCGAGGTCG AAACGTATGT TCTCTCTATC 



60 
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GTTCCATCAG GCCCCCTCAA AGCCGAAATC GCGCAGAGAC TTGAAGATGT CTTTGCTGGG 120 
AAAAACACAG AT 132 
(2) INFORMATION FOR SEQ ID NO:55 = 

(i). SEQUENCE CHARACTERISTICS: , r ' 

(A) LENGTH: 129 base pairs 

(B) TYPE: nucleic acid 
{C) STRANDEDNESS: both 
(D) TOPOLOGY: both 

Cii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:55:, 
GGGACTCATC CTAGCTCCAG TACTGGTCTA AAAGATGATC TTCTTGAAAA TTTGCAGACC 60 
TATCAGAAAC GAATGGGGGT GCAGATGCAA CGGTTCAAGT GAAGATCTAT GTGGGATCTG 120 
CTGTGCCTT '^29 
(Z)n:iNFORMATION FOR SEQ ID NO: 56: ' 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: Bl base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

. (ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:56: 
CTTAGATCCA CCATGTCCAA CATGGATATT GACGGTATCA ACACTGGGAC AATTGACAAA 60 
ACACCGGAAG AAATAACTTC T 81 
(2) INFORMATION FOR SEQ ID NO:57: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 96 basb pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY r both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
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iiv) ANTI-SENSE: NO 

(Xi) SEQUENCE DESCRIPTION: SEO ID NO: S7: 
GTTGAAATTC CAATTAAGCA GACCATCCCC AATTTCTTCT TTGGGAGGCyv CACAGCAGAG 60 
GATTATGATG ACCTCCATTA TTAAGGATCT GCTGTG ^ 96 

t2) INFORMATION FOR SEQ ID NO:5B: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 96 base pairs [ 

(B) TYPE: nucleic acid ' 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
Uii) HYPOTHETICAL: NO . 
(iv) ANTI -SENSE: NO 

(xi) SEQUENCE DESCRIPTION: : SEQ ID NO:58: ; -^l. 

CTTAGATCCA CCATCTCGCT GTTTGGAGAC ACAATTGCCT ACCTGCTTTC rATTGACAGAA 60 
GATGGAGAAG GCAAAGCAGA ACTAGCAGAA AAATTA 96 
(2) INFORMATION FOR. SEQ ID NO: 59 : ^ . 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 123. base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(lii) HYPOTHETICAL: MO 
Uv) ANTI-SENSE: NO 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:59: 
AGATCTCTTG GGGCAAGTCA AGAGAATGGG GAAGGAATTG CAAAGGATCT GATGGAAGTG 60 
CTAAACCAGA GCTCTATGGG AAATTCAGCT CTTGTGAAGA AATACCTATA AGGATCTGCT. - 120 
GTG 123 
(2) INFORMATION FOR SEQ ID NO:60: 

ii) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid . 
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(C) STRANDEDNESS : both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

txi) SEQUENCE DESCRIPTION: SEQ ID N0:60 
GGTACAAATA TTGCCTATTG GCCATTGCAT ACG 
(2) INFORMATION FOR SEO ID NO:61: 

(i) SEOUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSEi NO 

(Xi) SEQUENCE DESCRIPTION: SEQ ID lK>t61i 
CCACATCTCG AGGAACCGGG TCAATTCTTC AGCACC 
(2) INFORMATION FOR SEQ ID NO r 62: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID J«):62: 
GGTACAGATA TCGGAAAGCC ACGTTGTGTC TCAAAATC 
(2) INFORMATION FOR SEQ ID NO: 63: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs- 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 
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(ii) MOLECULE TYPE:* cDNA 
(iii) HYPOTHETICAL: NO 
(Iv) ANTI-SENSE: NO . . 

5 (xi) SEQUENCE PESCRIPTION: SEQ ID NO:63s 

CCACATGGAT CCGTAATGCT CTGCCAGTGT TACA/.CC 37 
(2) INFORMATION FOR SEQ ID NO:64: 

(i) SEQUENCE CHARACTEHISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 
10 (C) STRANDEDNESS: both 

(D) TOPOLOGY t both ' . 

. (li) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

15 .-. .... 

(xi) SEQUENCE DESCRIPTION: SEQ ID 1^:64: 
GGTACATGAT CACGTAGAAA AGATCAAAGG ATCCTCTTG 39 
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WHAT IS CLAIMED IS: 

' ■ ■ ■ ' ' 

1 . A DNA construct comprising nucleic acid encoding 
an influenza virus gene, wherein said DNA construct is capable of 
inducing the expression of an antigenic influenza virus gene product 
which induces an influenza virus specific immume response upon 
introduction of said DNA construct into animal tissues in vivo and 
resultant uptake of the DNA conslnict by cells which express the 
encoded influenza gene. ' 

2. Tlie pNA constract of Claim 1 wherein the iiifluenza 
virus gene encodes nucleoprotein, hemagglutinin, polymerase, matrix, 
or non-structural human influenza vinis gene prbducts. 

3. A polynucleotide vaccine comprising a DNA 
coiistract which induces neutralizing antibody against human^influenza 
vimSy influenza virus specific cytotoxic lymphocytes, or protective 
immune responses upon introduction of said DNA pharmaceutical into 
animal tissues in vivo, wherein fee animal is a vertebrate, and the 
polynucleotide vaccine encodes an influenza viras gene which is 

20 , . • 

expressed upon mtroduction into said vierterbrates' tissues in vivo . 

4. The polynucleotide vaccine of Claim 3 which 
contains a DNA construct selected from one or more of: 

a) pnRSV-PR-NP, 

b) Vl-PR-NP, 

c) VlJ-PR-NP,the5' endof whichis SEQ. ID:l2:, 

d) VlJ-PR-PBl,the.5' end of which is SEQ. ID:13:, 

e) VlJ-PR-NS,the5'endofwhichisSEQ.ID:14:. 

f) VlJ-PR-HA,the5'endpf whichisSEQ.ID:15:, 

g) VU-PR-PB2, the 5' end of which is SEQ. ID:16:, 

h) VlJ-PR-Ml,fee5'end ofwhichisSJEQ. ID:17:, 

i) VlJneo-BJ-NP. the 5' end of which is SEQ. ID:20: and 
fee 3' end of which is SEQ. ID:21:, 
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VlJneo-TX-NP, the 5' end of which is SEQ. ID:24 and 
the 3' end of which is SEQ. ID:25: and 
VI Jneo-PA-HA, the 5' end of which is SEQ. ID:26: and 
the 3* end of which is SEQ. ID:27: 

VUns-GA-HA (A/Georgia/03/93), construct size 6.56 Kb^ 

the 5' end of which is SEQ.ID:46: and 

the y end of which is. SEQ. ID:47:, 

VlJns-TX-HA (A/Texas/36/91), construct size 6.56 Kb. 

the 5* end of which is SEQ.ip:48: and 

the 3' end of which is SEQ. ID:49:, 

Vl Jns-PA-HA (B/Panama/45/90), construct size 6.61 Kb, 

the 5' end of which is SEQ.ID:50: and 

the 3' end of which is SEQ. BOrSl:. 

VlJns-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb. 

the 5* end of which is SEQ.ID:52: and 

the 3* endiof wMch is SEQ.,ID:53^^:^^^^ 

Vl Jns-BJ^Ml r(A/Beijing/353/89), construct size 5.62 Kb. 

the 5* end of which is SEQJD:54: and 

the 3' end of which is SEQ. ID:55:, 

YlJns-PA-NP (B/Panama/45/90), construct size 6.54 Kb. 

the 5Vend-of which is SEQ.ID:56: and 

the 3' end of which is SEQ. ID:57:, and 

VlJns-PA-Ml (B/Pjinama/45/90),constract,size5.61 Kb, 

the 5' end of which is SEQ^ID:58: and 

the 3* end of which is SEQ. ID:59:. 

5. The expression vector Vl J, SEQ.aID:10:. 

6. The expression vector VlJ-neo, SEQ. ID:18:. 
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. 7. A method for protecting against infection by human 
influenza virus which comprises iioiiiunization with a prophylactically 
effective anioimt of the DN A of Claim 1 . 
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8. A method for protecting agaiiist infection by human 
influenza vinis which comprises immunization with a prophylactically 
effective amount of the DNA of Claim 3: 

9. A method for protecting against infection by human 
influenza vims which comprises immunization with a prophylactically 
effective amount of the DNA of Claim 4. 

10. The method of Ckdm 7 which comprises direct 

administration of the DNA into tissue in vivo. 

•:.i-o . . ^ ' ' 

11. The method of Claim 10 wherein the DNA is 
administered either as naked DNA in a physiologically acceptable 
solution witiiout a carrier or as a mixture of DNA and a liposome, or as 

^ ^ a mixture witii an adjuvant or a trasfectibn facilitating agent. ; 

12. A method for using an influenza virus gene to induce 
immune responses in vivo which comprises! 

a) isolating the gene, 

b) linking tiie gene to regulatory seqiiences such tiiat the gene is 
operatively linked to control sequences which, when introduced into a 
living tissue direct the transcription initiation and subsequent translation 
of the gene, and 

c) introduciiig the gene into a living tissue. 

-25 

13. The method of Claim 12 which further comprises 
boosting induced immune responsfes by introducing influenza virus gene 
on multiple occasions. 
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14. The method of Claim 12 wherein the influeiiza viras 
gene encodes a huinan influenza virus nucleoprotein, hemagglutinin, 
matrix, nonstructural, or polymerase gene product. 
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15. The method of Claim 14 wherein the human 
influenza virus gene encodes the nucleoprotein, basic polymerase 1 , 

! nonstructural proteinl , hemagglutinin, matrix 1 , or basic polymerase2 

of one or more of the human influenza vims isolates A/PR/8/34, 
" A/Beijing/353/89, A/Texas/36/91, A/Georgia/03/93, and 
^ B/Panama/45/90. 

16. A method for inducing immune responses against 
infection or disease caused by strains of influenza virus which comprises 

' introducing into a vertebrate a nucleic acid which encodes a conserved 
^ ° influenza virus epitope specific to a first influenza virus strain such that 
the induced inraiune response protects not ordy against infection or 
disease by the first influenza vims strain but also protects against 
infection or disease by strains that are different to said first strain. 

17. The method of any of; clMms 7-16 wherein the 
organism being treated :;by -the method is ^a hu^ 





18. HieDNA: 


a) 


pnRSV-PR-NP, 


b) 


Vl-PR-NPv 


c) 


y 1 J-PR-NP, the 5^ end of which is SEQ. ID:1 2:, 


d) 


VlJrPR^PBl, tte 5Vend of whi 


e) 


VIJ-PR-NS, the 5' end of which is SEQ. ID:14:. 


f) 


VIJ-PR-HA, the 5' end of which is SEQ. ID:15:, 


g) 


VI J-PR-PB2, the 5' end of which is SEQ. IP:16:, 


h) 


VlJ-PR-Ml , the 5' end of which is SEQ. rorl^^^^^^ 


^> 


VlJneo-BJ-NP, the 5' end of which is SEQ. IE):20: and 




the 3' end of which is SEQ. ID:21:, 


j) 


VlJneo-TX-NP, the 5' end of which is SEQ. ID:2:4 and 




the 3' end of which is SEQ. ID:25: and 


k) 


VlJneo-PA-HA, the 5' end of which is SEQ, ID:26: and 




the 3' end of which is SEQ. ID:27: 


.1) 


Vl Jns-GA-HA (A/Georgia/Q3/93). construct size 6.56 Kb. 
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the 5' end of which is SEQ.ID:46: and 

the 3' end of which is SEQ. ID:47:, 
m) VlJns-TX^HA (A/rexas/36/91), construct size 6.56 Kb, 

the 5' end of which is SEQ.ID:48: and 

the 3' end of which is SEQ. ID;49:, 
n) VlJns-PA-HA (B/Panama/45/90), construct size 6.61 Kb, 

the 5* end of which is SEQ.ID:50: and 

the 3' end of which is SEQ. ID:51 :, 
o) VlJns-BJ-NP (A/Beijing/353/89), construct size 6.42 Kb, 

the 5' end of which is SEQ.ID:52: and 

the 3" end of which is SEQ. ID:53:i 
p) VI Jns-Bj-Ml (A/Beijing/353/89), construct size 5.62 Kb, 

the 5* end of which is SEQ.ID:54: and 

the 3' end of which is SEQ. ID:55:, 
q) VI Jns-PA-NP 0/Panama/45/9O), construct size 6.54 Kb, 

M : theS'end of \ndiichis SEQ.ID:56: aiKi 

the S' end of which is SEQ; ID:57:, and ^ xkv 
r) VI Jns-PA-Ml (B/Panama/45/90). construct size 5.61 Kb, 

the 5' end of which is SEQ.ID:58: and 
_ the 3' end of which is SEQ. ID:59:. 

19. A composition of nucleic acid constructs encoding 
influenza virus genes frohi both A^^e and Brtype human influenza 
viruses. •■ ■>■' 

20. The composition of Glairia 19 compriising nucleic acid 
cohstracts encoding tiie hemagglutinin gene of at least three strains of 
influenza virus, the nucleoprotein gene of at least two strains of 
influenza virus, and the matrix protein gene of at least two strains of 
influenza virus. 

21 . The compoisition of Claim 1 9 wherein said infteunza 
virus genes are derived fix)in influenza viruses of the HlNl, H2N2, and 
H3N2 and B strains of influenza virus. 
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22. The composition of Claim 19 comprising : 

a) VlJns-GA-HA (A/Georgia/03/93), construct size 6.56 Kb, 
the 5' end of which is SEQ.ID:46: and 

the 3' end of which is SEQ. ID:47:, 

b) VlJns-TX-HA (A/Texas/36/91), construct size 6.56 Kb, 
the 5' end oif which is SEQ.ID:48: and 

the 3* end of which is SEQ. ID:49:, 

c) VI Jns-PA-HA (B/P£inama/45/90), constnict size 6^ 
%e 5' end 6f which is SEQJD:50: 

the 3- ^nd of which is SEQ. ID:51:, 

d) VlJns-BJ-NP (A/Beijihg/353/89), construct size 6.42 Kb, 
the 5' end of which is SEQ.ID:52: and 

the 3' end of which is SEQ. ID:53:, 

e) VI Jns-B J-Ml (A/Beijmg/353^9), construct size 5.62 Kb, 
the 5' end of which is SEQJD:54: and 

the 3' end erf^ which is SEQ^ ID:55:, 

f) VI Jns-FA-NP. (B/Panama/45/90), construct size 6.54 Kb, 
the 5' end of which is SEQ;iaD:56r 

the 3' end of whicht is SEQ. ID:57:, and 

g) VlJns-PA-Ml (B/Panairia/45/90), construct size 5.61 Kb, 
the 5- end of which is SEQ.ID:58: and 

the 3* end of which is SEQ. ID:59:. 



23. The exipressioii vector VlJns. 

24. The expression vector VIJR, SEQ. ID:45:. 

25. The use of an isolated human influenza virus gene 
operatively linked to one or more control sequences for incorporation 
in a vaccine for use in inunimization against infection by hmnan 
influenza virus. 
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VlJ.Sequencc, SEQ. ID;10: 

1 TCGCGCGTTT GGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG 

5 1 GAGACGGTCA CAGCTTCTCT GTAAGCGG AT GCCGGGAGCA G ACAAGCCCG 
101 TCAGGGCGCXJ TCAGCGGGTG TTGGCGGGTG TCGGGGCTGG CTTAACTATG 
151 CX3GCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
201 CCGCACAGAT GCGTAAGGAG AAAATACCGC ATCAGATTGG CTATTGGCCA 
25 1 TTGC ATACGT TGTATCC ATA TCATAATATG TACATTTATA TTGGCTCATG 
301 TCCAACATFA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT 
351 AATCAATTACGGGGTCATTAGTrCATAGCCCATATATGGAGTTCCGCGTT 
401 ACATAACTTA GGGTAAATGG CC03CCTGGC TGACCGCCCA ACGACCCCCG 
451 CCCATTGACG TCAATAATGA CGTATGTTCC CATAGTAACG CCAATAGGGA 
501 CTTTCCAtTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG 
55 1 GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTG ACGTCAA 
601 TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTAtGGG 

65 1 ACrrrCCTAC ttggcagtac atctacgtat tagtcatcgc tattaccatg 
701 gtgatgcggt tttggcagta catcaatggg cgtgg atagc ggtttg actc 
751 acggggatttccaactctcx accccatrgacgtcaatggg agtitgtnt 

801 GGCACCAAAA TCAACGGGAC TTTCXrAAAAT GTCGTAACAA CTCC 
r 851 TTGACGGAAATGGGCGGTAG GOGTGTACGG TO 

901 AGCTCGTITA GTGAACCGTC AGAItXJCCTG GAGACGCCAT CCACGCTGTr 
951 TTOACCTCCA TAGAAGACAC CGGGACCGAT CCAGCCTCCG CGGCCGGGAA 

1001 gggtgcattggaacxk:ggattccccgtgccaagagtgacgtaagtaccgg' 

1051 CTATAGAGTCTATAGGCCCACCCCCITGGCTrCTrATGCATCkrrATACTG- 
1101 TTTITGGCTTGGGGTCTATACAIXXXrCGCTTCCTCATG^T^ 
1 151 GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTGCC 
1201 CTATTGGTGA CGATACTTTC CATfACTAAT CCATAACA7G GCTXmTGCC 
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1251 ACAACTCTCT TrATTGGCTA TATGCCAATA CACrGTCCTTCAGAGACTGA 
1301 CACGGACTrrGTATrrTTAC AGGATGGGGTCTCATlTATr ATTTAC^^ . 
1351 TCACATATACAACACCACCGTCCCCAGTGCCCGCAGTTrrTATrAAACAT 
1401 AACGTGGGAT CTCCACGCX3A ATCTCGGGTA CGTGTTCCGG ACATX5GGCTC 
1451 TrcrCCCK3tAQCGGCGGAGCTTrTACATCCGAGGCCTCCT 
1 501 CAGCG ACTGA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA GTGG AGGCCA 
1551 GACTTAGGCA CAGCACGATG CCCACCACCA GCAGTGTOGC GeAGAAGGGC 
1601 GTGGCGGTAG GCTATGTGTC TGAAAATGAG CTCGGGGAGC GGGCTTGCAC 
1651 CGCTGACGCA TrTGGAAGAC TTAAGGCAGC GGCAGAAGAA GATGCAGGCA 
1701 GCTGAGTTGTTGTGTTCrGATAAGAGTCAGAGGTAACrcCCGTrGCGGTG * 
1751 CTGTTAACGGTGGAGGGCAG TGTAGTCTGA GCAGTACTCG TTOCTGCCGC 
1801 GCQCGCCACC AGACATAATA GCTGACAGACTAACAGACTGTrCGmcX^ 
1851 TGGGTCTTIT CTGCAGTCAC CGTCCTTAG ATCTGCTGTG CCt^AGTT ' 
1901 GCCAGCCATCTGTrGTITGC(XCTCCCCCGTCCCTO ' 
1951 GGTGCCACTCCCACTGTCCTTIXXTAATAAMTXSAGGAAAT^^^ 
2001 TTCTGTCAGTAGGTGTCATrCTATrcrcGG 

205r GCAAGGGGGAGGATTGGGAA GACAATAG^^ GGATXK:GGTC 
210J OGCTCTATGG GTACrCAGGTGCroAAGAATTC^^^ 

2151 CAGAAAGAAG CAGGCACATC CXTTrCTCTG TCACACACCC TCTCCACGCC 
2201 CCTGGTrcrr AGTTCCAGCC GCACTCATAG GACAGTCATA GCTCAGGAGG 
2251 CKrrCCGCCITCAATCCCACCCGCrAAAGTACrrGGAGCGGTX^^ 
2301 CXnx:ATCAGCCXACCAAACCAMCCT^ 

2351 AAAGCAAGAT AGGCTATTAA GTGCAGAGGG AGAGAAAATG CCICCAACAT 
2401 GTGAGGAAGTAATGAGAGAAATCATAGAATTIXnTCCGCTTC^ 
2451 CrrcACTCGCrGCGCrcGGTCGTTCGGCTGCG^^ 

'FI6.6B 
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2501 TCAAAGGCGG TAATACGGTT ATCbACAGAA TCAGGGGATA ACGCAGGAAA 
2551 GAACATGTGA GCAAAAGGCC AGCAAAAGGC CAGGAACCGT AAAAAGGCCG 
2601 CGTTGCTGGC G i l Tl l CCAT AGGCTGCGCC CCCCTGACGA GCATCACAAA 
f 265 1 AATCGACGCT CAAGTCAGAG GTGGCG AAAC CCG ACAGG AC TATAAAG ATA 
V 2701 CCAGGCGTTT CCCXXTGGAA GCTCCCTCGT GCGCTCTCCT GTTCCGACCG 
2751 TOeCGCTtAC CGGATACCTG TCCGCCnTC TCCCTTCGGG AAGCGTGGCG 
t 2801 CtTTCreAAT GCTCACGCTG TAGrGTATCTC AGTTCGGTGT AGGTCGTTCG 
5 2851 CTCCAAGCTG GGCTGTGTGC ACGAACCCCC CGtTCAGGCC GACCGCTGCG 
2901 CCTTATCCGG TAACtATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA 
2951 TGGCCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGf ATGT 
3001 AGGOjGTGCT ACAGAGTTCTTGAAGTGGTG (3CCTAACTAG (3GCTACACTA 
3051 G AAGGACAGT ATrrGGTATC TGCGCTGTGC TGAAGCCAGT TAGCTTGGGA 
3101 AAAAG AGTTG GTAGCTCTTG ATCCGGCAAA GAAACCACCG CTGGTAGCGG 
3151 TGCTTrmT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC 
3201 AAGAAGATCCTTTGATCTTTTCTACGGGGTGTGACGC^ GTGGAACGAA 
3251 AACTCACGTTAAGCK3ATriTGGTCATGAGAtrATGAAAAAGGAT<^^ 
i3301 CTAOATCCnTTTAAATrAAA AATCAA.GTTTTAAATC^^TC 
m 3351 ATCAGTAAAC TTGGTCTGAC AGTTACGAAT OeTTAATCAG TGAGGCACCT 

3401 ATeTCAGCGATCTGTCTATrTCG*nX:ATCC ATAGTn3CCT 
t 3451 CGTGTAQj^TA ACTACGATACGGdAGGGCIT ACX:ATCTGGCCXX:AGTCC^ 
; 3501 CAATGATACC GCGAGACCCA CGCTCACCGG CTCr AGATTT ATCAGCAATA 
3551 AACCAGCCAG CCGGAAGGGC CGAGCGCAGA AGTGGTCCTG CAACTTTATC 
360 1 CGCCTCCATC C AGTCTATTA ATTGTTGCCa GG AAGCTAG A GTAAGTAGTT 
3651 CGCCAGTTAA TAGTrrGCGC AACGTTGTTG GCATTGCTAC AGGGATCGTG 
3701 GTGTCACX3GT CGTCGTTTGG TATGGCTrCA TTGAGCTGCG GTTCGCAACG 
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3751 ATCAAGGCGA GTTACATGATCCCCCATGTTGTGCAAAA^^ GCGGTTAGCT 
3801 CCnCGOTCC TCCGATCGTT GTCAGAAGTA AGTTGGCGGC AGTCTTATCA 

3851 CTCATGGTTATGGCAGCACTGCATAATrcrcrrACrGTCATGCCAltrCGT 
3901 AAGATGCnr TCTGTGACTG CTGAGTACTC AACCAAGTCA TTCTCAGAAT 
3951 AGTGTATGCG GCGACXTGAGT TGCTCTTGCC CGGCGTCAAT ACGGGATAAT ' 
4001 ACCGGGGCAC ATAGCAGAAC TTTAAAAGTG CTCATCATTG GAAAACGTTC 
"^^^^ "^GGCKJCGA AAACTCTCAA GGATCTTACC GCTCTIXJAGA TX^CAGTTCGA 
4J01 TaVAACCCACTCGTGCACCCAACTGATCrrrC^^ 

4151 AGCGTmrrc ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg 

4201 AATAAGGGCG ACACGGAMTGTTGAATACTCATACTCITC CI^^ 
4251 ATTATTGAAG CATITATCAG GGTrATTGTC TCATGAGCGG ATAGATATTT 
4301 GAATGTATrr AGAAAAATAA AGAAATAQGG GTrCXTGCGGA CATTTCCCCG 
4351 AAAAGTGCCA CCTGACGTCT AAG AAACXTAT TATTATCATG ACATTAAGCT 
4401 ATAAAAATAGGGGTATGAGG AGGCGGTTTCGTG 

FIG.6D 
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VlJneo Sequence. SEQ. ID: 18: 

1 TCGCCK:GTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG 

5 1 GAGA'CGGTCA CAGCTTGTCT GTAAGCGG AT GCCGGGAGCA G ACAAGCCCG 
101 TCAGGGCGCG TCAGCGGGTG TTGGCGGGTG TCX3GGGCTGG 
151 CGGCATCAGA GCAGATTGTA CTGAGAGTGC ACCATATGCG GTGTGAAATA 
20 1 CCGCACAG AT GCGTAAGG AG AAAATACGGC ATCAG ATTGG CT ATTGGCCA 
251 TTGC ATACGT TGt ATCC ATA TCATAATATG TAG ATTTATA TTGGCTCATG 
30 1 TCCAACATTA CCGCCATGTT G AC ATTG ATT ATTG ACTAGT TATTAATAGT 
35 1 AATCAATTAC GGGGTCATTA GTTCATAGCC CATATATGG A GTrCCGCGTT 
401 ACATAACTTA CGGTAAATGG CCD3CCTGGC TGACCGCCCA ACGACCCCCG- 
451 CCCATTGACGTCAATAATGACGTATGTTCCCAtAGTAACGCCAATAGGGA 
501 CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG 
55 1 GCAGTAGATC AAGTGtATGA TATGGCAAQT ACGCGGCGTA TTGAGGTCAA 
601 TGACGGTAAA TGGCCGGGGT GGGATTATGG GCAGTAGATG AGCTTATGGG 
651 ACITTGCTAG TTGGCAGTAG ATCTAGGTAT TAGTGATCGG tattaggatg 
701 GTGATGCGGT TITGGGAGTA GATGAATGGG CGTGGATAGC GGTITGACrC 
75 1 ACGGGG ATTT GGAAGTGTGC AGGGGATTGA CGTGAATGGG AGTrrGTITT 
801 GGGACGAAAA TCAACGGG AC TTTCCAAAAT GTCGTAACAA CTCCGGCCGA 
851 TTGACGCAAATGGGGG^STAGGOGTGTACGGTGGGAGGTCTATATAAGGAG 
901 AGCrCGTTTAGTGAAGCGTCAGATGGCCTGGAGACGCGATCCACGCrGTT 
951 TTGACCnXA TAGAAGACAG GGGCiAGCGAT CCAGCCTCCG CGGGCGGGAA 
1001 OGGTGCATTG GAACGCGGATTGCCCGTGGC AAGAGTGACG TAAGTACGGc' 
105 1 CTATAG AGTC TATAGGCCCA CCCCCTTGGC TTCITATGCA TGCTATACTG 
1101 TmTGGCTT GGGGTCTATA CACCGGGGGT TCGTGATGTT ATAGGTG ATG 
1151 GTAtAGCTTA GCCTATAGGT GTGGGTTATr GAGCATTATT G AGC ACTCCG 

FI6;7A 

SUBSnTiHE SHEET (RULE 26) 



wo 94/21797 PCTAJS94/02751 

11/45 

1201 CTATTGGTGA CGATACTITC CATTaCTAAT CCATAACATG GCTCTTTGCC 
1251 ACAACTCTCT TTATTGGCTA TATGCCAATA CACTGTCCrr CAGAGACTGA 
1 301 CACGGACTCT GTAiriilAC AGG ATGGGGT CTCATrTATT ATITACAAAT 
1351 TCACATATAC AACACCACCG TCCCCAQTGC CCGCAGTm TATTAAACAT 
1401 AACGTGGGAT CTCCACGCXJA ATCTCGGGTA CGTGTTCCGG.ACATGGGCTC 
1451 TTCTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT CCCATGCCTC 
1501 CAGCGACTCATGGTCGCTCGGCAGCTCCITGCrCCTAACAGTGGAGGCCA 
1551 GACTTAGGCA CAGCACGATG CCCACCACCA CCAGTGTGCC GCACAAGGCC 
1601 GTGGCGGTAGGGTATGTGTCTGAAAATGAGCTCGGGGAGCGGGCTTGCAC 
1651 CGCTGACGCATTipGAAGACTrAAGGCAGCGGCAGAAGAAGATGCAGGCA 
1701 GCTGAGTrCT TGTGTTCTGA TAAGAGTCAG AGGTAACTCC CGTTGCGGTG 
1751 CTGTTAACGG TGGAGGGCAG TGTAGTGTGA GCAGTACTCG TTGCf GCCGC 
1801 GcbCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TtCCTTTCCA 
1 85 j TGGGTCTnr CTGCAGTCAG CGTCCTTAG ATCTGCTGTG CCTTCTAGTr 
1901 GCCAGCCATC TGTrGTTTGC CTCTCCCCCG TGCCTTCCTT GACCCTGGAA 
1951 GGTGCCACTC CCACTGTCCT TTCCTAATAA AATGAGGAAA TTGCATCGCA 
2001 TTOTCTGAGT AGGTGTCATr CTATirTGGG GGGTCGGGTC GGGCAGCAGA 
2051 GCAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTCG GGATGCGGTG 
2101 GGCrCTATGG GTACCCAGGT GCTGAAGAAT TG ACCCGGTT CCKX7iX3GGC 
2151 CAGAAAGAAG CAGGCACATC CCCTTCTCTG TGACACACCC TCTCCACGCC 
2201 CGTGGTirTT AGTTCCAGCC CCACTCATAG GACACTCATA GCTCAGGAGG , 
2251 GCrcCGCCTT CAATCrCACG CGCTAAAGTA CTTGGAGCGG TCTC^^ 
2301 CCnX:ATCAGCCCACCAAACCAAACCTAGCCT^^ 

235 1 AAAGCAAGAT AGGCTATTAA; GTGCAGAGGG AG AGAAAATG CCTCCAACAT 
2401 GTG AGG AAGT AATGAGAGAA ATCATAG AAT TTCTTCCGCT TCCTCGCTCA 

FIG. 7B 
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2451 ctgactcgct gcgctcggtc gttcggctgc ggcgagcggt atcagctcac 
2501 tcaaaggcgg taatacggtt atccacagaa tcaggggata acgcaggaaa 
255 1 g aacatgtga gcaaaaggcc agcaaaaggc cagg aaccgt aaaaaggccg 

y 2601 cgttgctggcgtttitccataggctccgcccccctgacgagcatcacaaa 
2651 aatcgacgctcaagtcagaggtggcgaaacgx:gacaggagtataaagata 
2701 ccaggcgttt ccccctggaa gctccctcgt gcgctgtcct gttccgaccc 
.g^ 2751 tgccgcttac cggatacxttg tccgcctttc tcccttcggg aagcgtggcg 

, 2801 ctttctcaat gctcacgctg taggtatctc agttcggtgt aggtcgttcg 

/ 2851 CTCCAAGCTG GGCTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTGCG 
2901 CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA 
2951 TCGGCACTGG CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT 
3001 AGGCGGTCCT ACAGAGTrCTTGAAGTGGTGGCprAACTACGGCTACACTA 
305 1 G AAGGACAGT ATITCGTATC TGCGCICXGC TG AAGCCAGT tACCTTCGG A 
3101 AAAAGAGTTG GTAGCTCTTG ATTCGGCAAA CAAACCAGCG CTGGTAGCGG 
3151 TGGTrriTrr GTTTGCAAGC AGCAGATrAC GCGCAGAAAA AAAGGATCTC 
3201 AAGAAGATCCTTrGATCTTTTCTACGGGGTCTGACGCrcAGTGGA^ 

.325 1 AACTCACGTT AAGGGATnT GGTCATGAGA TTATCAAAAA GGATCTTCAC 
^301 CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC TAAAGTATAT 
3351 ATGAGTAAAC TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT 

,,3401 ATXnCAGCGATCTGTCTATrTCGrrCATCC ATAGTTGCCT GACTCCGGGG 

,>J51 GG{KK5GGGCX3 CTGAGGTCTG (XTCX3TGAAG AAGGTGTK^ 
3501 CAGGCCTGAA TCGGCCCATC ATCCAGCCAG AAAGTGAGGG AGCCACGGTf 
3551 GATCAGAGCTTTGrrGTAGGTGGACCAGTTGGTGAlTTTG AA 
3601 TTGCCACGGA ACGGTCTGCG TTGTCGGGAA G ATGCGTG AT CTG ATCCTTC 
3651 AAGTCAGCAA AAGTTCG ATT TATTCAACAA AGGCGCCGTC CCGTCAAGTC 
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3701 AGCGTAATGC TCTGCCAGTG TTACAACCAA TTAACCAATT CTGATTAGAA 
375 1 AAACTCATCG AGCATCAAAT GAAACTGCAA TITATrCATA TCAGG ATTAT 
3801 CAATACCATA TTTTTGAAAA AGCCGTTTXrr GTAATG AAGG AGAAAACTCA 
3851 CCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCC 
3901 GACTCGTCCAACATCAATACAACCTATTAATrrCCrCTCGTCAAA^ 
3951 GGTTATCAAG TGAGAAATCA CGATGAGTGA CGACTGAATC CGGTCAGAAT 
4001 GGGAAAAGCT.TATGCATTTC TITCeAGACT TGTTCAACAG GCCAGCCATt' 
4051 ACGCTCGTCA TGAAAATCAC TCGCATCAAC CAAACCCTTA TTCATrCGTG 
4101 ATrGCGCCTG AGGGAGACGAAAfACGCGATCGCTGrrAAAAGGACAATTA • 
4151 CAAACAGGAA TCGAATGCAA CCG3CGCAGG AACACTGCCA GCGCATCAAC 
4201 AATA-mrCA CCTGAATXTAG GAtATTGTTC TAATACCTGG AAtGCTGnT 
425 1 -rcWiGGGAT CGCAGTGGTG AGTAACGATG CATCATXrAGG AgIaCGGATA ' 
4301 AJmCCTTGA TGGTCGGAAG AGGCATAAAT TCCGTCAGCC AdfrTAGTCT ^ 
435 1 GACCATCTCA TCTGTAACAT GATTGGCAAC GCTACCTITG CCATGITrCA 
4401 GAAACAACTGTGGCGCATCGGGCTltCCATACAATCGATAGATrGTCGCA 
445 1 CCTGATTGCC CG ACATTATC GCG AGCCCAT TTATACCCAT ATAAATCAGC 
4501 ATCCATGTTG GAATTTAATC GCGG€CrCGA GCAAGACGTT TCCCGTTGAA 
4551 tATGGCTCATAACACCCCTTGTATrACTGTTTATCTAAGCAGACAGTTrr 
4601 ATTGTICATG ATGATATATnTTATrnXST GCAATCTAAC ATCAGAGATT 
465 1 TTGAGACACA ACGTOGCTTr CCCCCCCCCC CCATTATOJA AGCATTTATC 
4701 AGGGTrATrGTCrcATGAGCGqATACATATTrGAAtGTATTTAGAAAAAT " 
4751 AAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAACT ' 

4801 CTAAGAAACC ATTATTATCA TCACATTAAC CTATAAAAAT AGGCGtATCA 
4851 CGAGGCCCtTTCGTC 
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1 ATTGGCTATT GGCCATTGCA TACGTTQTAT CCATATCATA ATATGTACAT 

5 1 TTATATTGGC TCATGTCCAA CATTACCGCC ATGTTG ACAT TG ATTATTGA 
101 CTACTTAtrA ATAGTAATCA ATTACGGGGT CATTAGTTCA TAGCCCATAT 
151 ATGGAGTTCC GCGTTACATA ACTTACXjGTA AATGGGCCGC CTGGCTGACC 
201 GCCCAACG AC CCCCGCCCAT TGACGTCAAT AATGACGTAT GTXeCCATAG 
251 TAACGCCAAT AGGGACTTTCCATTGACGTC AATGGGTGGA GTATTTACGG 
: 301 TAAACTGCCC ACTTGGCAGT ACATCAAGTG TATCATATGC CAAGTACGGC 
351 CCCTATTGAC GTCAATGACG GTAAATGGCC CGCCTGGCAT TATGCCCAGT 
401 ACATGACCTT ATGGGACTTT CCTACTIX3GC AGTACATCTA CGTATTAGTC 
45 1 ATCGCTATTA CCATGGTG AT GCGG'nTTGG CAGTACATCA ATGGGGGTGG 
501 ATAGCGGTTrGACTCACGGG GATTTCCAAGTCrCCAGGCX ATTGACGTCA 
551 ATCqPAGTIT pTTTTGOCAC CAAAATCAAG GGGAfTTTTCC AAAATGTCGT 
601 AAGAACTGGG CCGCATTGAG GGAAATGGGG GGTAGGGGTG TAGGGTGGGA 
651 GGTGTATATA AGGAGAGGTC GTITAGTGAA GGGTCAGATG GCCTGGAGAG 
701 GGGATGGAGG CTGTnTGAG GTCGATAGAA GAGAGGGGGA GGGATCCAGG 
. 751 GTGGGGGGGG GGGAAGGGTG GATTGGAAGG GGGATTCGGG GTGGGAAGAG 
801 TGAGGTAAGT AGCGGCTATA GAGTCTATAG GCCCACCCCC TrGGCTTCTT 
85 1 ATGGATGGTA TAGTGI l l'lT GGGTTGGGGT CTATACACCC CCGCrrCGTG 
901 ATGTTATAGG TO ATCGTATA GCITAGCCrA TAC3GTGTG0G rTATTG AGGA 
951 TTATTGACGA GTCCCCTATT GGTGACGATA CTTTCGATTA CTAATCGATA 
1001 AGATGGCTCnTGCCACAAG TCTCTTTATT GGCTATATGC GAATAGAGTG 
1051 TGCTTCAGAGACrGACACGGACrcrcTATTTTrACAGGATGGGCTCTCAT 
1 101 TTATTATTTA CAAATTCACA TATACAAGAC CAGGGTGGGG AGTCGCGGGA 
1151 GTTnTATTA AACATAAGGT GGG ATCTGCA GGGG AATCTC GGGTACGTGT 

1201 TGCGGAGATG GGCTCJ iCTG GGGTAGGGGG GGAGCTrCTA GATGGGAGCC 
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I25I CtGCTCCCAT GCCTCCAGCG AGTCATGGTC CKTCGGCAGG TCCTTGCTCC 
1301 TAACAGTGGA GGCCAGACTT AGGCACAGCA CX3ATGCCGAC CACCACCAGT 
1351 GTGGCGCACA AGGCCGTGGC GGTAGGGTAT GTGTCTG AAA ATCAGCTCGG 
1401 GGAGCGGGCTTGCACCGCTG ACGCATTrGG AAGACTTAAG GCAGCGGCAG 
1451 AAGAAGATGC AGGCAGCTGA GTrGTrGTCTTCTQATAAGA GTCAGAGGTA 
1501 ACTCCXrCTTG CGGTGCTGTT AACGGTGGAG GGCAGTCTAG TCTGAGCAGT 
1551 ACTCGTTGCT GCCGCGCGCG CXTACCAGACA TAATAGCTGA GAGACTAACA ' 

1601 GACTGTTCGTTrcCATGGGTCTm'CTGCA GTCACCGTCCTTAGATCTG 
165 1 Cn-GTCCCTTC TAGTTGGGAG GGATGTGTTG nTGCCCCTC GCGCGTGCCT 
1701 •rcCTTGACGGtGGAAGGtGCGAGTCGCACTGTCCTTrGCTAATA^ 
1751 GGAAATrGGATGGGATITGTGTCAGTAGGTGTCATTCrATrCTGGGGGGTG 
1801 GGGTGGGGGA GCAGAGCAAG GGGGAGG ATT GGGAAGAGAA TAGGAGGCAT 
1851 C3CTGGGGATG CGGTGGGGTCTATGGGTAGCCAGGTCGTGA AGAATTGACC 
1901 CGGTrcGTGCTGGGCGAGAAAGAAGCAGGCACATCGCCrTGTCTGTC 
1951 CAGGCTGTGG ACGGCCCTCG TrCTTAGTrC GAGCCGGACr GATAGGAGAC 
2001 TGATAGGTCAGGAGGGCrCCGCGTTCAATCGGACCCGCTAAAGTACTrGG 
205 1 AGCGGTGTCT CGCTGCCTCA TGAGCCCAGG AAACGAAACG TAGGGTGGAA 
2101 GAGTCKKSAAGAAATrAAAGGAAGATAGGCrATrAAGTXJCAGAGGGAGAGA 
2151 AAATGCCTXXrAAGATGTGAGGAAGTAATGAGAGAAATCATAGAATTG 

FIG.8B 
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VIR SEQUENCE, SEQ.ID;45: 
1 GATATTGG CTATTGGCCA 

25 1 TTGCATACGT TCTATCCATA TCATAATATG TACATTTATA TTGGCTCATG 

301 TCCAACATTA CCGCCATGTT GACATTGATT ATTGACTAGT TATTAATAGT 

351 AATCAATTAC GGGGTCATTA GTTCATAGGC CATATATGGA GTTCCGCGTT 

401 ACATAACTTA CGGTAAATGG CCCGCCTGGC TGACCGCCCA ACGACCCCCG 

451 CCCATTGACG TCAATAATGA CGTATGTTCC CATAGTAACG CCAATAGGGA 

501 CTTTCCATTG ACGTCAATGG GTGGAGTATT TACGGTAAAC TGCCCACTTG 

55 1 GCAGTACATC AAGTGTATCA TATGCCAAGT ACGCCCCCTA TTGACGTCAA 

601 TGACGGTAAA TGGCCCGCCT GGCATTATGC CCAGTACATG ACCTTATGGG 

65 1 ACTTTCCTAC TTGGCAGTAC ATCTACGTAT TAGTCATCGC TATTACCATG 

701 GTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTC 

751 ACGGGGATTTCCAAGTCrrCC ACCCCATTGACGTCAATGGG AGTrTGTTTT 

80 1 GGCACC AAAA TCAACGGG AC TTTCCAAAAT GTCGTAACAA CTCCGCCCC A 

85 1 TTG ACGCAAA TGGGCGGTAG OCGTGTACGG TGGG AGGTCT ATATAAGCAG 

901 AGCTCGTTTA GTGAACCGTC AGATCGCCTG GAGACGCCAT CCACGCTGTT 

95 1 TTG ACCTCCA TAG AAG ACAC CGGG ACCG AT CCAGCCTCCG CGGCCGGG AA 





1001 


CGGTGCATTG GAACGCGGATTCCCCGTGCC AAGAGTGACG TAAGTACCGC 


1 


1051 


CTATAGAGTC TATAGGCCCA CCCCCTTGGC TTCTTATGCA TGCTATACTG 


■. t 

. i- 


.1101 


TmTGGCTT GGGGTCTATA cacccccgct tcgtc atgtt ataggtgatg 


\ r 

•> 


1151 


GTATAGCTTA GCCTATAGGT GTGGGTTATT GACCATTATT GACCACTCCC 




1201 


CTATTGGTGA CGATACrn C CATTACTAATCCATAACATG GCTCTTTGCC 




1251 


ACAACTCTCTTTATTGGCTA TATGCCAATA CACTGTCCTr CAGAGACTGA 




1301 


CACGGACTCT GTATTTTTAC AGG ATGGGGT CTCATTTATT ATTTACAAAT 


J 


1351 


tCACATATAC AACACCACCG TCCCCAGTGC CCGCAGTITT TATTAAACAT 
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1401 AACGTGGGAT CTCCACGCGA ATCTCGGGTA CGTGTTCCGG ACATGGGCTC 
1451 TTCTCCGGTA GCGGCGGAGC TTCTACATCC GAGCCCTGCT CCCATGCCTC 
1501 CAGCGACTCA TGGTCGCTCG GCAGCTCCTT GCTCCTAACA GTGGAGGCCA 
1551 GACTTAGGCA CAGCACGATG CCCACCACCA CCAGTGTGCC GCACAAGGCC 
1601 GTGGCGGTAGGGTATCTGTCTGAAAATGAGCTCGGGGAGCGOGCITGCAC 
1651 GGCTGACGCATrrGGAAGACTrAAGGCAGCGGCAGAAGAAGATGCAGGCA 
1701 GCTGAGTTGTTGTGTTCTGA TAAG AGTCAG AGGTAACTCC CGTTGCGGTG 
1751 CTGTTAACGGTGGAGGGCAGTGTAGTCTGAGCAGTACTCGrrGCTGCCGC 
1801 GCGCGCCACC AGACATAATA GCTGACAGAC TAACAGACTG TTCCmCCA 
1851 TGGGTCTnTCTGCAGTCACCGTCCTrAGATCTGCrc 
1901 GCCAGCCATC TGTTGTTrGC CCCTCCCCCG TGCCITCCTr GACCCTGGAA 
1951 GGiGCCACTX:CCACTGTCCTTrCCTAA^ 

2001 TTGTCTGAGTAGGTGTCATrGTATrCTGGGGGGTCGGGTGGGGCAGCACA 
2051 GGAAGGGGGA GGATTGGGAA GACAATAGCA GGCATGCTGG GGATGCGGTG 
2101 GGCTCTATGGGTACGGCCGCAGCGGCCGTACCCAGGTGCTGAAGAAT 

TGACCCGGTT CCTCGACCCGT AAAAAGGCCG 
2601 CGTroCTGGCGTTITrCCATAGGCTCCGCCCCCCTGACGAGC^^ 
2651 AATCGACGCT CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA 
2701 CCAGGCGTIT CCCCCTGGAA GCTCCCTCGT GCGCrCTCCT GTTCCGACCC 
2751 TGCCGCrrACCGGATACCtGTCCGCCTITCTCCCTrcGGGAAGCGTGGC^ 
2801 CnrCTCAATGCTCAGGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG • 
2851 CTCCAAGCTG GGGTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTQCG 
2901 CCTrATCCGGTAACTATCGTCrrGAGTCCAACCCGGTAAGACACGACTrA 
2951 TCGCCACTGG CAGeAGCCAC TGGTAACAGG ATTAGGAGAG CGAGGTATCT 
3001 AGGCGGTGCTACAGAGTrCTTGAAGTGGTGGCCTAACTACGGCTACAGTA 

FIG. 36 B 
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3051 GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACGTTCGGA 
3101 AAAAG AGTTG GTAGGTCTTG ATCCGGC AAA CAAACCACCG CTGGTAGCGG 
3151 TGGTTTTTTTGTTTGCAAGC AGCAG ATTAC GCGCAG AAAA AAAGGATCTC 
3201 AAG AAG ATCC TTTG ATCTTT TCTACGTG ATCC CGTAATGC TCTGCCAGTG 

■ V ttacaacx:aattaaccaattctgattagaa 

375 1 aaagtcatcg agcatcaaat g aaactgcaa tttattcata tcagg attat 
3801 caataccata tttttg aaaa agccgtttct gtaatgaagg agaaaactca 
3851 ccgaggcagt tccataggat ggcaagatcc tggtatcggt ctgcgattcc 

3901 G ACTCGTCCA ACATCAATAC AACCTATTAA TTTCCCGTGG TGAAAAATAA . 
395 1 GGTTATCAAG TGAGAAATCA CCATGAGTiGA CGACTGAATC CGGTGAGAAT 
4001 GGCAAAAGCT TATGCATTTC TTTCCAG ACT TGTTCAACAG GCCAGCCATT 
4051 ACGCTCGTCA TCAAAATCAC tCGCATGAAC CAAACeGTTA TTCATTCGTG 
4 101 ATTGCGCCTG AGCGAGACGA vyktACGCGATGGerrGTl^ AGGACAATTA 
4151 CAAACAGGAA TGGAATGCAA CCGGCGCAGG AACACTGCCA GCGCATCAAG 
4201 AATATTTTCA CCTGAATCAG GATATTCTTC TAATACCTCG AATGCTGTIT 
.4251 TCCCGGGGAT CGCAGTGGTG AGTAACCATG CATCATCAGG AGTAGGGATA 
4301 AAATGCTTGA TGGTCGGAAG AGGCATAAAT TCCGTCAGCC AGTTTAGTCT 
4351 GACCATCTCAtCTGTAACXTCATTGGCAACGCrACCTTrGCCATGtrrCA 
4401 GAAACAACTC TGGCGCATCG GGCTTGCCAT AGAATCG ATA G ATTGTCGCA 
4451 CCTGATTGCC CGACATTAtC GCGAGCCCAT TTATACCCAT ATAAATCAGC 
^501 ATCCATGtTG GAATITAATC GCGGCCTCGA GC^\GAGGT^TCGCGTTGAA 
455 1 TATGGCTGAT AACACCCCTT GTATTACTGT TTATCTAAGC AGACAGTnT 

4601 ATTGTTCATG ATGATATATTTrTATCTTGTGCAATGTAACATCAGAGATT 
4651 TTGAGACACAACGTGGCnTGC 
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